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Abstract approved:

This thesis describes product formulations and drug release from 1) topical insect

repellent formulations and 2) oral controlled release formulations of two water soluble

drugs. Olfactometry, flux and evaporation characterization were used as tools to evaluate

insect repellent formulations. Evaporation of DEET was estimated by measuring weight

lost of DEET formulations over time at 60°C. Drug penetration through ethylene vinyl

acetate (19% vinyl acetate) was estimated using Franz diffusion cells and isopropyl

myristate (IPM) as receptor phase. An olfactometer was designed to create conditions

relevant to host-seeking behavior of female mosquitoes. Flux and evaporation rate of

DEET was concentration and vehicle dependent. DEET products offered longer

repellency than natural products. Addition of adjuvants to retard evaporation and or

penetration of DEET prolonged the activity of DEET formulations against mosquitoes up

to 24 hours. A positive correlation was observed between repellency and evaporation of

DEET, but no specific relationship was found between repellency and flux.

A broad understanding of dissolution characteristics of a water soluble drug,

pentoxifylline was achieved by evaluating twenty formulations containing hydroxypropyl

methylcelhilose (HPMC) and polyvinylpyrrolidone (PVP), differing with respect to

concentration and grades.. An empirical statistical model was developed to predict drug

release as a function polymer concentration, viscosity and particle size. Preliminary results

from 7 adult volunteers indicated that there was no significant difference with respect to in
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vitro dissolution profile and in vivo bioavailability parameters associated with urinary

excretion data between a new controlled release Pentoxifylline dosage form and the

pioneer product, Trental.

The empirical model developed for Pentoxifylline was used as a basis for

fabricating Cefaclor formulations with desired in vitro dissolution profiles. Formulation

variables such as pH-stability profiles, drying conditions, aging ofgranules, granule

storage conditions, slugging force, and granule size on dissolution of drug from

compressed caplets were investigated. Dissolution of caplets containing Cefaclor showed

that stability and drug release were dependent on formulation variables and processing

parameters, more so in caplets prepared by wet than dry granulation. Numerical

convolution/ deconvolution was used in developing a useful correlation between in vitro

and in vivo drug availability for the new formulations.
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PRODUCT FORMULATIONS AND IN VITRO-IN VIVO EVALUATION OF

1) TOPICAL INSECT REPELLENT FORMULATIONS AGAINST MOSQUITOES;

2) ORAL SUSTAINED RELEASE FORMULATIONS OF CEFACLOR AND

PENTOXIFYLLINE IN ADULTS

INTRODUCTION

In the formulation of controlled-release dosage forms, oral or topical dosage forms,

several important formulation parameters and processing variables have to be considered.

The experiments employed herein are designed to assess the effects of these variables on

in vitro and in vivo performance of the oral controlled release of pentoxifylline and

cefaclor and topical DEET dosage forms.

Chapter 1 of the thesis describes the product formulations, in vitro penetration and

evaporation characterization of topical insect repellent formulations. The products tested

included 8 commercial DEET preparations in various dosage forms and concentrations

and 8 DEET test formulations designed in the laboratory. Controlled release DEET

formulations were designed by adding various adjuvants to sustain their repelling activity

against mosquitoes. Adjuvants which retard DEET evaporation and/or percutaneous

absorption may prolong it's repelling activity against mosquitoes under experimental

conditions. Evaporation and penetration was found to be vehicle and concentration

dependent. Based on the in vitro results, some of the formulations designed were selected

for further testing in a human subject.

Chapter 2 evaluates the efficacy of 15 DEET products, 4 natural insect repellent

products (Buzz Away® and Green Ban, Skin-So-Soft® lotion and bath oil) on a human

subject using an olfactometer. An olfactometer was designed to create conditions relevant

to host seeking behavior of female mosquitoes. Generally, products with higher

concentrations of DEET were found to have longer repellence times. Off® spray and

Muskol® lotion offered the longest repelling activity. However, there was no significant

®difference in time to probe among the formulations. Skin-so-soft lotion and bath oil were
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not as effective as DEET in repelling Aedes aegypti. Natural oil insect repellent

formulations offered essentially no repelling activity against Aedes aegypti. Based on the

olfactometry results, one formulation was identified as having repelling activity against

Aedes aegypti for up to 24 hours. A positive correlation was observed between repellency

and in vitro evaporation for DEET products. No specific relationship was found between

in vitro penetration and repellency.

In chapter 3, an empirical and statistical modeling approach was applied to optimize

drug release from oral controlled release pentoxifylline formulations. Drug release was

dependent on polymer (hydroxypropyl methylcellulose and polyvinylpyrrolidone)

concentration, HPMC viscosity and particle size, and compact geometry. The models

developed allowed computer simulation of in vitro dissolution profiles for any given

combination of HPMC and PVP.

Chapter 4 evaluates and compares pharmacokinetic parameters of a new controlled

release pentoxifylline formulation and a reference product, Trental. Employing a balanced

cross over study, preliminary statistical pharmacokinetics analysis in 7 subjects showed

that there is no significant difference in bioavailability parameters between the 2 products.

Data were analyzed by a two one-sided t tests and paired Hest.

In chapter 5, the model developed for pentoxifylline was used as a basis for

formulating new cefaclor controlled release formulations. Manufacturing and formulation

variables such as methods of granulation, pH-stability profiles, drying conditions, aging of

granules, granule storage conditions, slugging load, granule size, and film coating affect

drug release and/or drug stability.

Chapter 6 evaluates and compares bioavailability parameters of 3 new cefaclor

formulations and a reference product, Distaclor MR®. Preliminary pharmacokinetic

analysis shows that there are significant differences in bioavailability parameters between

the test products and Distaclor MR®. The results have not shown that the products were

bioequivalent. Deconvolution/convolution was used as a tool for correlating in vitro and

in vivo drug availability for the formulations.
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CHAPTER I

PRODUCT FORMULATIONS, IN VITRO EVAPORATION, AND PENETRATION

CHARACTERIZATION OF TOPICAL INSECT REPELLENT PRODUCTS

CONTAINING DEET
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ABSTRACT

A comparison of in-vitro evaporation characteristics of the insect repellent, N,N-diethyl-

m-toluamide (DEET), was made for 7 commercial insect repellent formulations and 8 test

preparations. Relative in-vitro evaporation was measured in an oven regulated at 60°C. The

weight lost of equal doses of DEET (0.05 g/cm2) in each formulation was recorded over 12

days. To compare relative flux of DEET, 4 test formulations and 7 commercial products were

tested. Test formulations were selected for further testing based on the basis of evaporation

profiles. An HPLC assay was developed to quantify DEET diffused through ethylene vinyl

acetate with 19% vinyl acetate content (19% EVAc) membranes into purified isopropyl

myristate (IPM), used as the receptor phase of in-vitro diffirsion cells. Purification of IPM was

performed by extractions with PEG300. DEET and internal standard (Biphenyl) eluted from a

RP-C8 column were free from interfering peaks. Calibration curves were linear over the

concentration range of 25 to 200 mg/ml of DEET with r2= 0.999. Flux is significantly

different among the repellent formulations (p < 0.001). In order (% DEET): Formulation 73

(9.15%) < OFF spray (14.25%) Cutter aerosol (21.85%) 5 Repel aerosol (38%)

Formulation 43 (38.8%) < Formulation 74 (24.25%) < Formulation 53(1) (16.03%) < Cutter

cream (33.25%) Ultrathom (31.58%) < OFF spray (95%) Muskol (95%). Results indicate

that evaporation and penetration are vehicle formulation dependent. The oven study is a simple

method to compare and evaluate loss of DEET via evaporation from commercial products.

The HPLC assay developed is highly efficient for the analysis of DEET in IPM, thereby

permitting testing and comparison of release rates from commercial products and new

formulations.
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INTRODUCTION

N,N-diethyl-m-toluamide (DEET), the most common and effective single topical

insect repellent, has been extensively used both by civilians and military forces. It is

recognized that factors such as evaporation and percutaneous absorption of DEET from

skin surface influence the duration of protection against mosquitoes. Many efforts have

been made to estimate the rate and extent of percutaneous absorption and evaporation of

DEET (1, 2, 3). Dremova compared the effect of vehicles on evaporation and absorption

rates of various repellents (4). More recently, Schereck, Mehr and Reifenrath have

evaluated duration of effectiveness of various DEET repellent formulations (5, 6, 7). To

the authors' knowledge, however, no published paper compares the in vitro release of

DEET from commercially available formulations. In the present research a comparison of

in-vitro evaporation and penetration characteristics of DEET was made for 7 commercial

DEET preparations available as creams, lotions, sprays, sticks with concentrations ranging

from 14.25 to 95%, and eight test preparations containing 9.4 to 40% DEET formulated

as gel, ointment, emulsion, miniparticles and stick. Attention was especially directed to

formulation of controlled-release preparations by addition of adjuvants to retard

evaporation and/or penetration of DEET.

In vitro evaporation studies measured the weight loss of DEET from 6 commercial

products and 8 test preparations. The weight lost was normalized to estimate evaporation

rate of DEET from various formulations at 60°C.

In vitro penetration studies compared the flux of DEET through a synthetic

membrane for 7 commercial DEET products and 4 test preparations, using a receptor

solution of purified isopropyl myristate (1PM). 1PM was chosen as the receptor phase

because of its bipolar properties that tend to mimic the physical-chemical properties of

skin (8, 9). DEET was quantified by a highly efficient and sensitive HPLC assay for

DEET in purified IPM. The primary advantage of this analytical method is that it allowed

the quantification of non-radiolabeled DEET permeation in diffusion studies, thereby

allowing testing of commercial products and test formulations.
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EXPERIMENTAL

Commercial Repellent products

The active ingredient of all formulations tested was N,N-diethyl m-toluamide. The

seven commercial products tested were: Cutter® spray and Cutter® cream (21.85% and

33.25% m DEET, respectively. Miles Inc., Chicago, IL), Muskol® lotion (95% m-DEET,

Plough Inc., Memphis, TN), OFF! ® pump spray (14.25%) and OFF®! spray (95%)

(contain 14.25% and 95% m-DEET, respectively, S.C. Johnson & Son Inc., Racine, WI),

REPEL® spray (38% m-DEET, Wisconsin Pharmacal Co. Inc., Jackson, WI), and

Ultrathom® cream (31.58% m-DEET, 3M, St. Paul, MN).

Test Formulations
Compositions and preparation methods for the dosage forms of test formulations are

listed in Table 1. The test formulations were numbered 36(3), 40, 43, 53(1), 72, 73, 74,

and 75 (Department of pharmaceutics, College of Pharmacy, Oregon State University)

containing 40.65%, 62.5%, 40%, 16.53%, 20%, 9.43% 25%, and 20% DEET,

respectively.

Reagents and materials
N,N-diethyl-m-toluamide (97% m-DEET) and Biphenyl (Sigma Chemical Co., St.

Louis, MO), HPLC grade acetonitrile (Mallinckrodt Specialty Chemicals Co., Paris, KY),

Polyethylene Glycol 300, 20M (PEG, Union Carbide Chemicals, Danbury, CT), Synthetic

Beeswax (Waxenol , 821 S.B. Wickhen Products Inc., Huguenot, NY), Ethocel (Ethyl

cellulose NF, viscosity 7, 20, 45, Dow Chemical Co., Midland, MI), Vanillin (Sigma

Chemical Co., St. Louis, MO), Natrosol® (hydroxyethylcellulose, Hercules, Inc.,

Wilmington, Delaware), Stearic acid (Aldrich Chemical Co., Milwaukee, WI), Sodium

Alginate (low viscosity, Sigma Chemical Co., St. Louis, MO), Glycerol (Sigma Chemical

Co., St. Louis, MO), and Calcium chloride dihydrate (Aldrich Chemical Co., Milwaukee,

WI) were used as received. Glycerin and Isopropyl myristate (Sigma Chemical Co., St.
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Louis, MO) were rated at 99% and 97% pure, respectively. Isopropyl myristate (IPM)

was purified before use.

Table I.1. Characteristics, ingredients and preparation of DEET test formulations

Name Ingredients % composition Appearance and
(v/v) Feel

75 2% sodium alginate solution 80 Smooth flowing
white emulsion.

DEET 20 Not sticky, does
not creep, skin
feels tight after
application. Gives
adherent white
deposit on skin.

Method
1. Dissolve Sodium Alginate (Na Al, low viscosity grade) in deionized water to obtain a
2% (v/v) solution at room temperature (RT)
2. Add DEET to NaAl solution and emulsify mixture in a blender at low speed at RT
36(3) Ethocel (viscosity 7) 6.5 Stable white

emulsion.
DEET 40.65 Slightly tacky, skin
Ethanol 12.20 feels slightly tight
2% sodium alginate solution 40.65 after application

dries.
Method
1. Dissolve ethocel in ethanol and mix in DEET at RT
2. Add Na Al solution to (1) and emulsify mixture in a kitchen-aid blender at low speed
at RT
40 Ethocel (viscosity 45) 12.5 White stick.

DEET 62.5 Applied nicely to
Ethanol 12.5 skin and washed
PEG 20M 12.5 off easily.

Method
1. Dissolve ethocel in ethanol and add DEET to the mixture in hot water bath
2. Melt PEG 20M in a second beaker in hot water bath
3. Mix (1) and (2) in hot water bath
4. Place (3) in an one oz. ointment jar and resolidify in ice bath
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Table I.1 continued

43 Stearic acid
Beeswax
Ethocel (viscosity 20)
Ethanol

DEET

Vanillin

10.67
2.67
6.67
26.67

40.00

13.3:3

Brownish, soft
petrolatum-like
ointment.
Applies on skin
easily.
Brownish
appearance
may not be
acceptable.

Method
1. Heat stearic acid and beeswax in a beaker in a hot water bath until mixture melted
2. Mix and dissolve ethocel in ethanol in a second beaker in hot water bath
3. Melt vanillin in DEET in a third beaker in hot water bath
4. Mix (1), (2) and (3)
5. Place (4) in an one oz. ointment jar, cool and resolidify mixture from (4) in ice bath
53(1) Natrosol 0.83

Glycerin
DEET
2% sodium alginate solution
Water

4.13
16.53
61.98
16.53

Method
1. Wet Natrosol with glycerin in a beaker at RT
2. Mix DEET and NaAl 2% solution in a second beaker at RT
3. Mix (1) and (2) in a blender at low speed to form an emulsion

White unstable
emulsion.
Skin feels tight after
application dries.

at RT
72(1) 2% sodium alginate solution 80

DEET
Small white particles.

20 Feels slightly oily,
poor spreadability.

Method
1. Pour Sodium Alginate-DEET emulsion on a glass plate, smooth with a spatula to a
thickness of about 1 mm (estimated by a piece of wood with nails on both ends, top of
nail is about 1 mm from surface of wood)
2. Spray 1 mm thick solution with 0.5 M calcium chloride solution until gelling occurs
3 Film was washed with water to rinse off excess surface calcium ions
4. Repeat steps 1, 2 and 3 to get a triple layered gel
5. Store in 0.5 M calcium chloride solution until use
6. Before use, chop gel into small particles with blender at low speed
73 stearic acid

DEET
Bees wax
4% sodium alginate solution

6.04
9.43
3.10
83.26

Coarse and waxy
Poor spreadability,
particles appears as
white specks when
rubbed on skin
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Table I.1 continued

Method
1. Melt stearic acid and Beeswax in a beaker in hot water bath
2. Add DEET to (1)
3. Stir stearic acid-beeswax-DEET with magnetic stirring
bar at low speed at 120°C for 5 min
4. Cool and solidify in ice bath
5. Blend in (5) and 4% NaAl solution in blender until smooth
6. Make triple layered gel using method described for formulation 72(1)
74 4% sodium alginate solution 50

DEET
0.072 M CaC12 solution

Translucent, good
25 spreadability, light
25 yellowish continuous

gel

1. Thoroughly blend NaAl solution and DEET in blender at RT
2. Add CaCl2 to (1) slowly and blend at low speed at RT

Synthetic membrane

Ethylene vinyl acetate membranes (0 2 mm thickness) with 19% vinyl acetate

content (Co Tranlm controlled caliper film), were provided by courtesy of 3M Company

(St. Paul, MN).

Purification of Isopropyl myristate

The purification method is a modification of the extraction method published by

Smith and Haigh (10). The purity of non-extracted IPM was tested by injecting 10 p,1 of

IPM onto the HPLC column. Various absorption peaks between 4 and 8 minutes

retention times were produced, likely due to impurities in 1PM Impurities in 1PM

interfered with DEET and Biphenyl detection. Two consecutive isovolumetric

extraction's of 1PM with polyethylene glycol 300 in a large separating flask reduced the

impurities, making it adequate to obtain a desirable chromatogram which is free from

interfering peaks (Figure 1).
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Figure I.1 Chromatogram of purified isopropyl myristate spiked with 100 lig of DEET
and 77 jig of 7-0 hydroxypropyl theophylline, the internal standard.
Peaks: A = DEET; B = Internal Standard.
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Evaporation studies

The study compared the relative evaporation rate of DEET in 6 commercial DEET

products and 8 test preparations. An oven ( Model VWR 1340, VWR Scientific Inc.) was

employed for all in vitro evaporation studies. Apparent DEET evaporation rate was

measured using an appropriate amount of formulation to provide an applied dose of 0.05

g/cm2 of DEET. Weighed repellent formulations were placed in glass petri dishes and

volatiles were allowed to evaporate in the oven at 600C. DEET vapors escaped via an

opening on top of the oven which was connected to an air outlet hood (flow rate of 145

fpm) to ensure no accumulation of DEET vapors. DEET products were weighed daily for

12 days to determine the apparent evaporation loss of DEET.

Diffusion Studies

Vertical Franz® Diffusion cells (Crown Glass Co.) were used for all diffusion

studies. Cross sectional area and receptor volume for these cells were 3.14 cm2 and 15

ml, respectively. DEET diffusion for each formulation through ethylene vinyl acetate

(19% vinly acetate) membranes was determined in triplicate. To determine steady state

flux and compare effect of vehicles on release rate, an infinite dose of each DEET

formulation was applied to the donor cell. Isopropyl myristate was employed as receptor

solution and maintained at 30°C throughout the study. 100 [d was collected from the

receptor chamber via a sampling port at 0.5, 1, 2, 3, 4, 5, 6, 7 and 8 hours after adding

DEET formulations to donor cells. An equal volume of purified IPM was replaced

through the sampling port after each sample collection.

HPLC instrumentation

DEET concentration in IPM was determined using an HPLC system with UV

detection. The HPLC consisted of a 6000A pump, WISP® 710B injector, reverse-phase

C8 (5p) column and Model 441 detector with a 214-nm light source (all from Waters

Associates). The mobile phase consisted of acetonitrile:water (70:30) pumped at a flow
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rate of 1.0 ml/min. At the end of each day, the column was flushed with pure methanol

overnight then reequilibrated with acetonitrile: water (70:30) for the next analytical run.

Sample and standard preparation

Internal standard solution of 154 pg/mlbiphenyl in purified 1PM was prepared. A

stock solution of 500 µg/m1 of m-DEET in purified IMP was prepared to obtain a series of

DEET solutions of 50, 100, 150, 200, 300 and 360 µg/m1 in purified 1PM. These

solutions were found to be stable at least 2 months at room temperature without loss in

peaks. In preparing solutions for injection, 100 Al aliquots were pipetted from the

standard solutions or the sampling port of the diffusion cell's receptor chamber and placed

into microcentrifuge tubes. Standard solutions were used without further dilution whereas

sample solutions were diluted with purified IPM before 100 Al of internal standard

solution was added to the solution in each tube. The mixture was vortexed prior to

injection and the volume of injection was 10111.

Statistical analysis

Calculated flux values were statistically analyzed by one-way ANOVA, initially by

comparisons of mean flux rates and then by Tukey's multiple comparison using statistical

software package Statgraphics® version 7.0.

RESULTS AND DISCUSSION

Evaporation studies

It was reported that duration of protection against insects may be prolonged by

retarding evaporation of DEET through addition of adjuvants. Natural polymers such as

shellac and gum, tragacanth, and powders such as zinc oxide, talcum powder, bentonite,

china clay, etc., were used by Christopher (1947) to extend the persistence of repellent

(11). More recently, several film-forming formulations containing silicone or acrylate

polymers in 2-propanol and DEET were evaluated by Reifenrath and Rutledge (1983).
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They observed significant improvement in persistence for several formulations tested, but

like most of the mentioned formulations, better cosmetically acceptable formulations are

to be sought (7). Markina et al. (1975) reported that adding film-forming agents or

stabilizers such as hydroxypropylcellulose, silicone fluid and ethylcellulose to DEET

significantly retarded both its evaporation and absorption (12). Another approach to

extend activity of repellents is the use of perfumes as a fixative. Perfumes are used in

long-lasting formulations which obtain this effect by the use of a relatively non-volatile

constituent which fixes the odor to extend its effectiveness. This approach with repellents

has been tried with musk, civet and ambergris. Musk has given mixed results due to

individual variations, but has been shown to increase duration when used with DEET (13).

This study compared the relative evaporation and diffusion rate of DEET in 7

commercial products and 8 test formulations. Test formulations were prepared by adding

various adjuvants to control release of DEET. Figures 2a show the actual weight decrease

versus time for 6 commercial DEET products stored in an oven at 60°C. Weight lost of

DEET was normalized by assuming any initial relatively rapid loss is due to evaporation of

formulation solvents from the products. The point at which weight loss stabilizes is

normalized to a 100 percent or 50 mg/cm2 of DEET. To compare evaporation rate from

commercial DEET products, figure 2b is normalized based on percent DEET lost whereas

figure 2c is normalized based on weight lost of DEET from formulations. To compare

evaporation rate of DEET from Muskol lotion and the eight test formulations, figures 3a,

3b and 3c depict plots of their actual weight lost, normalized percent DEET lost, and

normalized weight lost of DEET via evaporation, respectively. Thus, when the actual

weight versus time plot is biphasic (Figures 2a and 3a), it is assumed the terminal slope

results from loss of DEET while the initial rapid weight change was caused primarily by

evaporation of other materials such as water or alcohol. Apparent evaporation of DEET

from each product can be estimated from the slopes of the linear normalized plots. Table

2 presents the estimated relative apparent evaporation rates of all preparations.

Experimentally, Cutter® cream and Ultrathom® presented the lowest apparent evaporation

rates compared to the other commercial products examined in this study (Figures 2b-c).
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To formulate sustained release DEET preparations, distinctly different categories of

formulations were made. Test formulation 75 contains DEET incorporated in sodium

alginate, a water soluble polymer. This is an oil in water emulsion with DEET as the

internal phase and sodium alginate as the emulsifying and suspending agent. Formulation

75 is a smooth flowing while emulsion which does not creep when applied to skin. The

skin feels tight after application of the formulation, which leaves an adherent white deposit

on skin after drying. Evaporation of DEET is not retarded by this type of formulation

when compared to Muskol lotion which is essentially pure DEET (Table 1). Sodium

alginate polymer alone, therefore, does not give a sufficient barrier to retard evaporation

of DEET. Likewise, in formulation 74 where DEET -sodium alginate mixture is gelled

with diluted calcium chloride solution, no retardation of evaporation is observed.

Formulation 36(3) contains both a water soluble polymer (sodium alginate) and a

non-water soluble polymer (Ethocel). This formulation appears as a white emulsion, feels

slightly tacky when applied to the skin, and leaves a white deposit on skin after drying.

Addition of Ethocel to formulation 75 to give 36(3) also did not appear to retard

evaporation of DEET when compared to Muskol lotion. Both formulations 75 and 74,

showed higher DEET evaporation rates than pure DEET alone. It is not understood why

these formulations released DEET much faster than all other formulations. It could be

that there is some residual water trapped in the calcium alginate gel which slowly released

along with DEET over time.

Formulation 53(1), an oil in water type emulsion, contained almost the same

ingredients as 75 except for the addition of a second water soluble polymer, hydroxyethyl

cellulose. Cellulose derivatives are known to retard evaporation of DEET (4, 6) and is

probably responsible for the slight retardation of DEET evaporation when compared to

Muskol lotion

Formulation 72(1) contains DEET entrapped in calcium alginate gel. This

formulation employs the encapsulation technique to trap and release DEET over time.

Alginate gels have been used in certain agricultural applications to entrap pesticides and

herbicides because of ease of preparation in aqueous environment at ambient temperature,

and biodegradability of these gels (14). Herbicides trapped in calcium alginate gel releases
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slowly into water close to plants and in some cases no regrowth of weeds appeared during

the period of the experiment (15, 16, 17, 18). The incorporation of DEET in calcium

alginate gel displayed a slower evaporation rate of DEET when compared to Muskol

lotion.

Formulations 36(3) and 40 have almost identical ingredients except formulation 40

contains Polyethylene Glycol (PEG20M) but 36(3) does not. Formulation 40 contains

DEET in ethocel, a non-water soluble base, and PEG 20M, a water soluble base. The

PEG stick applied nicely to skin and can be washed off easily. Formulation 36(3) shows a

greater evaporation rate than formulation 40 which suggests that PEG2OM probably has

some effect in slowing DEET evaporation.

Formulations 73 and 43 displayed the lowest overall apparent evaporation rates

among all DEET formulations tested. Formulation 73 contains DEET in stearic acid, a

fatty acid, and Beeswax, a waxy material. Addition of beeswax also increases the

consistency of the formulation. The resolidified mixture is then trapped in alginate gel and

this combination retards the evaporation of DEET most effectively. Evaporation rate of

DEET from formulation 43 is apparently retarded by vanillin in addition to other

ingredients such as stearic acid and beeswax. Addition of vanillin to mosquito repellents is

reported by Spencer (1976) and Khan et .al.(1975) to reduce evaporation of DEET and

afford a longer protection time against mosquitoes (19, 20). Formulations 73, 43 and

53(1) were selected for diffusion studies because of their lower evaporation rates

compared to Muskol, which is pure DEFT. Formulation 74, on the other hand, releases

DEET faster than Muskol and was also selected for comparison purposes in a diffusion

study.

Loss of repellent from the skin surface directly affects the duration of activity of the

formulation. The rate of evaporation is an essential consideration of any DEET

formulation's effectiveness. Lower evaporation rate of DEET from formulation means

there would be more DEET on the skin and therefore a longer protection time. It is also

important that the evaporation is not too low, or there will not be sufficient repellent

above the skin to repel insects. Chapter 2 will further investigate the relationship between

evaporation and formulation activity for use as a tool in formulating sustained release
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DEET preparations with prolong activity. Another factor is percutaneous penetration of

the repellent; the more penetration there is, the less DEETT available for repelling insects.

Chapter II will also examine a possible in vitro flux to in vivo repellency relationship.
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Figure I.2-a In vitro evaporation of DEET in 6 commercial products at 60°C.
Key: () Muskol® lotion; (0) OFF! ® spray 95; () Cutter® cream; (0)
Ultrathorn® cream; (A) REPEL® aerosol; (6) Cutter® aerosol.
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Figure I.2-b Normalized in vitro evaporation of DEET in 6 commercial product at
60 °C. Key: () Muskol® lotion; (0) OFF! ® spray 95; () Cutter® cream;
(0) Ultrathom® cream; (A) REPEL® aerosol; (EC Cutter® aerosol.
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Figure I.2-c Normalized in vitro evaporation of DEET in 6 commercial product at
60 °C. Key: () Muskol® lotion; (0) OFF! ® spray® 95; () Cutter®
cream; (0) Ultrathorn® cream; (A) REPEL® aerosol; (1111) Cutter® aerosol.
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Figure I.3-a In vitro evaporation of DEET in Muskol® and 8 test preparations at 60°C.
Key: (IN) Muskol® lotion; () 40; (A) 43; (0) 36(3); (0) 53(1); (0) 72(1);
(X) 73; (0) 74; (V) 75
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Figure I.3-b Normalized percent in vitro evaporation of DEET in Muskol® and 8 test
preparations at 60 °C. Key: () Muskol® lotion; (0) 40; (Lx) 43; (0)
36(3); () 53(1); (0)72(1); (X) 73; (0) 74; (V) 75
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Figure I.3-c Normalized in vitro evaporation of DEET in Muskol and 8 test
preparations at 60 °C. Key: (III) Muskol® lotion; () 40; (L) 43; (0)
36(3); () 53(1); (0) 72(1); (X) 73; (0) 74; (7) 75
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Table 1.2 Relative apparent evaporation rates from DEET formulations tested in an oven
at 60°C

DEET preparations Evaporation rate
(pg/h/cm2)

DEET
products

Evaporation
rate (p.g/h/cm2)

Cutter® cream 43.00 73 14.81
Ultrathorn® cream 49.34 43 30.82
Cutter® aerosol 53.93 72 (1) 44.19
REPEL® aerosol 75.48 40 49.11
OFF spray® 95 80.94 53(1) 61.98
Muskol® lotion 92.30 36(3) 98.43

75 120.28
74 136.34
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HPLC calibration of DEET
Calibration curves of DEET were linear over the concentration range of 0.75 to

200 µg/m1 of DEET with r2= 0.999. Retention times for DEET and biphenyl were 4.5

and 8.1 minutes, respectively under the described HPLC conditions. Figure 2 is the

calibration curve of DEET over a concentration range of 25 to 180 pg/ml.
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Figure 1.4 Standard curve of DEET in isopropyl myristate with HPLC analysis
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Precision and accuracy
For this discussion, precision is defined as the square root of the mean square error

over the slope of the calibration curve (21). Assay of the standard solutions had a

precision of 1.711.1g/ml. A low percent coefficient of variation (2.078 %) indicates good

reproducibility of the assay over the drug concentration range used in the study. Accuracy

of the assay was evaluated using the spike/recovery method. Accuracy is measured by the

absolute percentage difference between the observed and true concentrations. The

standards had an average accuracy of 1.88%.

Diffusion studies

The apparent permeability coefficient (P) for DEET was determined with equation

1:

F=PAAC (1)

F = flux of DEET from a vehicle (mg/h)

P = permeability coefficient (cm/h)

A = membrane area exposed to formulation (cm2)

AC = concentration of DEET gradient across membrane

The value of AC is estimated from the concentration of DEET in the donor cell

because this value is much larger than the concentration of DEET in the receptor cell.

The concentration of DEET in the donor compartment is estimated from the percentage of

DEET present in dosage form by assuming density of DEET equals to one (d2° 0.996 to

0.998 (22)). The cumulative amount of DEET permeated through the EVAc (19% vinyl

acetate) membrane was plotted as a function of time (Figure 3). The values of apparent P

were computed from the slopes of the plot. Table 3 provides the values of F and P from

various DEET formulations.
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TABLE 1.3 Permeation parameters for DEET through EVAc into IPM as receptor
phase

DEET product DEET Conc. Flux (n = 3) Permeability
(mg/m1)1 (mg/hr/cm2) (cm/hr)

OFF! ® spray 14 14.25 0.36±0.24 0.025
Cutter® spray 21.85 0.85±0.30 0.039
REPEL® aerosol 38 1.60±0.18 0.042
Cutter® cream 33.25 3.55±0.14 0.110
Ultrathom® cream 31.58 3.62±0.20 0.110
OFF! ® spray 95 95 4.27±0.05 0.045
Muskol® lotion 95 4.54±0.44 0.048
73 9.43 0.58±0.13 0.062
43 40.00 1.70±0.13 0.042
53(1) 16.53 2.11±0.35 0.128
74 25.00 2.33±0.15 0.093

I DEET concentration was estimated from percentage of DEET present in the dosage
forms.
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Figure 1.5 Diffusion of DEET from 11 topical formulations through 19% EVAc
membranes into purified IPM as receptor phase. Key: () Muskol lotion; ()
OFF! spray 95; () Cutter cream; (0) Uhrathom cream; (0) 53(1); (0) 74;
(A) REPEL aerosol; (L) 43; (0) Cutter aerosol (X) 73; () OFF! spray 14
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Feldman and Maibach reported that 16% of "C-labeled DEET (4p.g/cm2)

penetrated into the body over a 96 h period when applied to the forearm (23). In another

experiment, Spencer et al noted approximately 50% of DEET was recovered from skin

tissue treated with 14C DEET at a dose of 25p.g/m1 (1). Results from the in vitro diffusion

studies suggest that permeation of DEET through EVAc membrane into IPM as receptor

phase is highly formulation dependent, with penetration ranging from 0.34 to 4.54

gg/h/cm2. ANOVA indicated significant differences among the resulting flux values (p-

value <0.001). For DEET products, the flux rates were, in the order of

73 (9.15%) < OFF spray (14.25%) Cutter aerosol (21.85%) Repel aerosol (38%) 5_ 43

(38.8%) < 74 (24.25%) < 53(1) (16.03%) < Cutter cream (33.25%) Ultrathom (3158 %) <

OFF spray (95%) _5_ Muskol (95%). Flux generally increased with increasing concentrations

of applied DEET. These results suggest that most formulations not only dilute the DEET,

but also decrease the rate of DEET release. However, despite the higher concentration of

DEET in REPEL spray when compared to Cutter cream, the latter provided a

significantly greater flux (Tukey multiple comparison test) than the spray. These results

suggest that permeation of DEET is both concentration and vehicle dependent.
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CONCLUSIONS

In vitro evaporation of DEET from various preparations showed that evaporation

rate is increased or retarded by formulation adjuvants. Evaporation is both concentration

and vehicle dependent. The evaporation data provides useful information in selecting

formulations with decreased DEET evaporation rate. Formulations with lower DEET

evaporation rate are expected to stay on the skin longer and provide a longer duration of

protection against mosquitoes.

The HPLC technique developed is simple and accurate for analysis of DEET

concentrations in isopropyl myristate, which was used as the receptor phase for in vitro

diffusion. Purification of 1PM is simple and requires only two extractions. In vitro

diffusion of DEET from various commercial products showed that permeation of DEET is

concentration and vehicle dependent. In vitro penetration study showed that flux is the

lowest for DEET formulated as aerosols (Cutter aerosol and REPEL aerosol). These in

vitro penetration studies were performed under conditions where solvents were not

allowed to escape from the donor phase cells which do not represent in vivo conditions.

Under in-vivo conditions, formulations are applied to skin which allow volatile solvents in

formulations to evaporate. The solvent evaporation process concentrates DEET in the

formulation which in turn changes the skin penetration characteristics of DEET when

applied topically. The test system may be useful for predicting effectiveness of creams and

lotions and some sprays which contain few volatile additives but system modifications may

be needed for those sprays which contain larger amounts of volatile agents.
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CHAPTER II

EVALUATION OF COMMERCIAL INSECT REPELLENTS ON HUMAN SKIN

USING AN OLFACTOMETER, AGAINST AEDES AEGYPTI (DIPTERA:

CULIC1DAE)
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ABSTRACT

An olfactometer was designed to evaluate the efficacy of selected commercial insect

repellent products against Aedes Aegypti. This vertically oriented olfactometer is

composed of 2 fimneled chambers and baffle, and works by passive diffusion of repellent

and/or attractant which directs the path of mosquitoes. A comparison of 12 commercial

repellent products was made on human skin. The products tested included 2 natural oil
g g.

insect repellent formulations (Buzz Away and Green Ban ) containing plant extracts, 2

proprietary products (Skin-So-Soft® lotion and bath oil) and 8 commercial DEET

preparations in various concentrations and forms of spray, aerosol, stick, cream and lotion.

Also included in the test were 6 formulations prepared in our laboratory. Behavioral

responses and time to probe were determined in triplicate using ten female mosquitoes

challenges for each product. Generally, products with higher concentrations of DEFT

were found to have longer repellence times. OFF® spray and Muskol® lotion offered the

longest repellence times. However, there was no significant difference in time for

mosquitoes to probe among the formulations. Skin -So -Soft® lotion and bath oil were not

as effective as DEET in repelling Aedes aegypti. Natural oil insect repellent formulations

offered essentially no repellency against Aedes aegypti. This is a simple and reproducible

method to evaluate the efficacy of insect repellents and is recommended for preliminary

screening of new insect repellents or formulations with long lasting action.
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INTRODUCTION

Diethyltoluamide (DEET) has been available since 1957 (1) and operates effectively

against a range of insects, including the yellow-fever mosquito (Aedes aegypti), the

malaria mosquito (Anopheles quadrimaculatus), the salt-mash mosquito (Aedes

taeniorhynchus), the tick, the sandfly, and the deerfly (2, 3, 4). The para and ortho

isomers of diethyltoluamide are the usual contaminants of technical grade DEET and are

generally similar to m-DEET in effectiveness (5); but o-DEET is somewhat more toxic

and p-DEET slightly less toxic than m-DEET (6). DEET is usually furnished in an ethyl

or isopropyl alcohol base, and the quantity of DEET in commercial products ranges from

about 11 to 95% m-DEET (7).

Schreck defined insect repellents as chemicals which act on insects as stimuli to elicit

avoidance behavior (8). Dethier et al defined repellents as "chemicals which cause insects

to make oriented movements away from their source." i.e. chemicals, natural or synthetic,

which prevent landing/biting of insects, on treated surfaces of inanimate or animate objects

and make them move away from the proximate environment of the objects (9). Browne

suggested that the definition be broadened to "a repellent is a chemical or mixture of

chemicals that, acting in the vapor phase, causes the insect to behave in ways which result

in its movement away from the source of the material." As indicated by Browne, this

definition is not entirely satisfactory, because in practical situations the repellency of a

compound is usually assessed in terms of its ability to inhibit the insect's response to

chemical attractant and perhaps to visual stimuli. Browne argues that the practical

definition of a repellent would be "a chemical that, acting in the vapor phase, prevents an

insect from reaching a target to which it would otherwise be aftracted."(10).

Not all DEET formulations are the same in efficacy; the duration of repellent

protection against mosquitoes is affected by many factors which include evaporation,

percutaneous absorption, perspiration, abrasion, ambient temperature, air velocity, amount

applied and nature of formulation (11, 12, 13). However, due to its unpleasant smell, oily

feeling (14, 15, 16) and potential toxicity (2, 3, 17), some prefer to use natural and other

insect repellent products. In this study, a proprietary bath oil (Skin-So-Soft®), and two
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natural insect repellent products (Buzz Away® and Green Ban®) are also examined as

insect repellents. Objectives of this study are to (1) Examine and compare effectiveness

of various commercially available diethyltoluamide (DEET) dosage forms of stick, cream,

aerosol spray, pump spray and lotion against Aedes aegypti by an in vivo method. (2)

Evaluate the relative effectiveness of four alternative products (Skin-So-Soft® bath oil and

lotion, Buzz Away® and Green Ban®) as repellents for Aedes aegypti by the in vivo

method. (3 ) Develop a biobehavioral assay applicable for preliminary evaluation and

selection of potential new insect repellent formulations with long lasting action. (4)

Investigate possible relationships between in vivo repellent duration and earlier work done

in our lab which estimated in vitro evaporation rates and flux of DEET.

MATERIALS AND METHODS

Test Insects

Non-infectious female yellow fever mosquitoes, Aedes aegypti Georgia strain,

were used in all experiments. 3 - 14 days old nulliparous mosquitoes were used. Pupal

mosquitoes were not separated by sex and resulting adult mosquitoes were maintained at

72°F under a 12:12 hour photoperiod. Larvae were reared on fish food (Tetra Min Flake

Food, Australia Pets International , Tetraweke, Germany)

DEET Commercial Products

The active ingredient of all formulations tested was diethyltoluamide (DEET). The

eight formulations tested were: Cutter® aerosol, stick, and cream (Miles Inc., Chicago,

IL.), Muskol® lotion (Plough Inc., Memphis, TN.), OFF! ® pump spray and OFF! ®

sprayl(S.C. Johnson & Son Inc., Racine, WI), Repel® aerosol (Wisconsin Pharmacal Co.

Inc., Jackson, WI.), and Ultrathom® (3M, St. Paul, MN.). To determine whether different

dosage formulations at fixed doses of m-DEET affect repellence, a dose containing

OFF! pump spray and OFF! spray contain 14.25% and 95% of N,N-diethyl-m-toluamide
respectively.
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1 mg/cm2 of m-DEET was tested for each formulation. Table 1 summarizes the product

dosage forms, amount of formulations applied, and percentage of m-DEET in each

formulation.

Reagents and materials

N,N-diethyl-m-toluamide (97% m-DEET), White Beeswax (Waxenol 821 S.B.

Wickhen Products Inc., Huguenot, NY), Ethocel (Ethyl cellulose NF, viscosity 20 Dow

Chemical Co., Midland, MI), Vanillin (Sigma Chemical Co., St. Louis, MO), Natrosol®

(hydroxyethylcellulose, Hercules, Inc., Wilmington, Delaware), Stearic acid (Aldrich

Chemical Co., Milwaukee, WI), Sodium Alginate (low viscosity, Sigma Chemical Co., St.

Louis, MO), Glycerol (Sigma Chemical Co., St. Louis, MO), and Calcium chloride
dihydrate (Aldrich Chemical Co., Milwaukee, WI) were used as received.

Natural Test repellent

The four "natural" repellent formulations were: Skin-So-Soft® bath oil (Avon

Products Inc., New York, NY), Skin-So-Soft® lotion (Avon Products Inc., New York,

NY), Green Ban® (Melgum Hollow Farm, Australia), and Buzz Away® (Quantum Inc.,

Eugene, OR). Table 2 list the ingredients and amount applied for natural insect repellent

products.
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Table 111.1 Summary of dosage forms, concentration of m-DEET, and amount applied for
DEET formulations evaluated

Repellent Products % m-DEET2 Amount of formulation applied
(mg/cm2)3

Cutter® aerosol 21.85 4.5
Cutter® cream 33.25 3.0
Cutter® stick 33 3.0
Muskol® lotion 95 1.0
OFF! ® pump spray 14.25 7.0
OFF! ® spray 95 1.0
Repel® aerosol 38 2.6
Ultrathom® 31.8 3.2
43 37.64 2.7
53 15.55 6.43
73 8.88 11.3
74 23.52 4.3
79 34 2.9
80(2) 57.1 1.8

2 m-DEET is meta isomer, the major isomer for all formulations
This amount of formulation applied to a circle 6 cm in diameter provides a m-DEET

concentration of 1 mg/cm2



Table 112 Summary of composition and amount applied for "natural" insect repellent
products

Products Ingredients Amount Applied
(mg/cm2)

Skin-So-Soft®
lotion

Skin-So-Soft®
bath oil

Buzz Away®

Green Ban®

Octyl palmitate, steareth-20, cetearyl
alcohol, steareth-2, glyceryl stearate,
imidazolidinyl urea, triethanolamine,
ceteareth-20, dimethicone (and)
trimethylsiloxysilicate, fragrance

mineral oil, isopropyl palmitate,
diisopropyl adipate, fragrance, dioctyl
sodium sulfosuccinate and benzophenone-
11.

Citronella, cedarwood, eucalyptus,
lemongrass in a base of alcohol and water

plant extracts of citronella, cajuput,
lavender, safrole-free sassfras, peppermint,
and bergaptene-free bergamot oils in a
base of calendula, soy, and tea tree oils

4

4

4

4

Test formulations
The 7 test DEET formulations are: 43, 53, 73, 74, 5373, 79 and 80(2). Table 3

outlines the ingredients and methods of preparation for these formulations.

Table 11.3 Summary of compositions, preparations and descriptions of 7 DEET test
formulations

Name
43

Ingredients
Stearic acid
White Beeswax
Ethocel (viscosity 20)
Ethanol

DEET
vanillin

Percent (w/w)
10.67
2.67
6.67
26.67

40.00
13.33

Description
Brownish soft,
petrolatum-like
ointment.
Applies on skin
easily. Brownish
color may not be
acceptable

37
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Table 11.3, continued

Method
1. Heat stearic acid and beeswax in a beaker in a hot water bath until mixture
melted
2. Mix and dissolve ethocel in ethanol in a second beaker in hot water bath
3. Melt vanillin in DEET in a third beaker in hot water bath
4. Mix (1), (2) and (3)
5. Cool and resolidify mixture from (4) in ice bath
53(1) Natrosol 0.83 White unstable

emulsion.
Glycerin 4.13 Skin feels tight

after application
DEET 16.53 dries.
2% sodium alginate solution 61.98
Water 16.53

Method
1. Wet Natrosol with glycerin in a beaker at RT
2. Mix DEET and NaAl 2% solution in a second beaker at RT
3. Mix (1) and (2) in a blender at low speed to form an emulsion at RT
73 stearic acid 6.04 Coarse white

waxy, poor
DEET 9.43 spreadability.
White Beeswax 3.10 Particles appears

as white specks
4% sodium alginate solution 83.26 when rubbed on

skin.
Method
1. Melt stearic acid and Beeswax in a beaker in hot water bath.
2. Add DEET to (1)
3. Stir with magnetic stirring bar at low speed at 120°C for 5 min
5. Cool and solidify in ice bath
6. Blend in (5) and 4% NaAl solution and homogenized until smooth
7. Make triple layered gel using method
described for formulation 72(1)
74 4% sodium alginate solution 50 Translucent,

good
DEET 25 spreadability,

light yellowish
0.072 M CaC12 solution 25 continuous gel.

1. Thoroughly blend NaAl solution and DEET in blender at RT
2. Add CaC12 to (1) slowly and blend at low speed at RT
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Table 113, continued

79 Stearic acid 8.25 Semi-solid,
slightly oily

White Beeswax 4.12 feeling
DEET 35.05
Natrosol 1.03
4% Sodium Alginate 51.55
solution

Method
1. Dissolve Natrosol and Sodium Alginate in water in a hot water bath
2. Melt stearic acid and white Bees Wax in a hot water bath
3. Add DEET to (2)
4. Mix (1) and (3) in a hot water bath, stir the mixture in one direction until creamy
80(2) Stearic acid 11.76 Semi-solid,

A White Beeswax 58.82 slightly oily and
tacking feeling

DEET 5.88

B Sodium alginate
Water

23.53
qs100

Method
A 1. Melt stearic acid and Beeswax in a hot water bath

2. Add DEET to (1)
B 1. Dissolve sodium alginate in water in hot water bath
Divide A and B in 2 equal portions
Portion 1
Mix A and B while warm and stir mixture until thickens
Portion 2
Allow A to solidify before putting into B, blend mixture under low speed
Pour AB mixture into a beaker containing 0.5M CaCl2
After gelling, cut up the gels, using a blender, into small particles
Filter and collect the particles
Mix portion 1 and 2
5373 Combination of Feels greasy

formulation 53(1) and appears
and 73 as white

specks when
rubbed on
skin.
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Description of Olfactometer

Components of the olfactometer are shown in Figure 1. This device is a

modification of the design by Feinsod and Spielman (18). The left palm of a female human

subject was used as the host target. The olfactometer is vertically oriented and works by

diffusion of repellent and/or attractant vapors which steers the course of the mosquitoes.

It consists of a 16 mesh copper screen funnel-like upper chamber (UC) of 21 cm in largest

diameter (at the top) narrowing to 7 cm with a height of 21 cm. The top of the UC funnel

is closed by copper screening. The smaller end spreadability, of the UC funnel is screened

except for a 3 cm by 3 cm hole cut in the screen. This hole is obscured by a 3 cm square

of screening positioned 2 cm above the hole by 3 wires. The UC dwells in a 4-liter paper

container which opens at the top but closes on the floor except for a 7 cm diameter hole.

The hole permits the entrance of the narrower end of the UC through the paper container.

The paper container holding the UC sits on top of a smaller lower chamber (LC). The LC

is a hollow glass tube 8 cm in diameter and length with the top end opened and the bottom

end screened. A smaller copper screen funnel is placed in the lower chamber with both

ends of the funnel opened. The funnel narrows from 7 cm to 2.5 in diameter with a height

of 6 cm. In use, ten female mosquitoes are gently placed via a mechanical aspirator into

the UC of the olfactometer and left for 5 minutes before testing.



21 om

8 cm
Figure II.1 Schematic representation of an olfactometer

41



42

Testing Procedures
Using a cardboard template as a guide, a 6 cm diameter circle was outlined on the

left palm with a pen. Amounts of test repellents were determined using a fixed dose of 1

mg/cm2 of m-DEET and 4 mg/cm2 for natural insect repellent formulations, spread

uniformly within the outlined area with a disposable pipette tip. Tests were conducted by

placing the treated area beneath the LC of the olfactometer and recording number of

mosquitoes descending into the LC, and landing or probing for a period of 10 minutes.

After 10 minutes, the mosquitoes were killed by placing the mosquito-occupied

olfactometer in the freezer compartment of a refrigerator for 10 minutes. Readings were

taken at 0.5 hour and then every 2 hours. For DEET products, tests were discontinued

when 5 or more mosquitoes descended into LC and 2 probe attempts were observed. For

"natural" repellent products, all tests were run for 10 hours. Mosquitoes could land or

probe but not bite the host due to the presence of the lower-most screen barrier. Air flow

picked up repellent from the treated area; all tests were performed in an exhaust hood with

an air flow rate of 116 fpm. This ensured that there was no accumulation of repellent

vapor in the olfactometer. Control studies were performed periodically under the same

conditions except no repellent was used on the host target before being placed beneath the

olfactometer. All tests except the control study (10 replications) were performed in

triplicate.

Statistical Analysis

The study utilized a split plot (repeated measures) design. The statistical procedure

GLM of SAS (Statistical Analysis Software, Cary, NC) was used for data analysis.
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RESULTS AND DISCUSSION

Design of olfactometer

The olfactometer is designed to create conditions relevant to host seeking behavior

of female mosquitoes. The approach of a mosquito to its host is generally towards the

host airstream. When a mosquito confronts a repellent in the host airstream, she turns out

of the repellent-laden airstream on entry. The exact orientation of mosquitoes toward the

host is achieved by visual cues or by flying down the warm moist convection currents

rising from the body of the host (19). Firstly, a point source of a chemical forms an odor

plume down the axis of the wind. Secondly, insects orient in response to stimulus by

flying upwind (20). Requisite factors attracting a mosquito to its host include CO2 and

host odor which are long range host attractants, and heat and moisture which are short

range attractants that elicit landing and probing (21, 22).

The olfactometer employs one port as an outlet for repellent vapor; thereby

eliminating cross contamination from other sources. It defines vapor repellence, which is

used in this study to evaluate the effectiveness of repellent formulations against female

mosquitoes, aedes aegypti. The olfactometer-determined host seeking behavior of female

mosquitoes are unaffected by mechanical aspiration, density of mosquitoes, time of day,

and or exposure to male mosquitoes. Sugar ingestion, however, depresses host seeking

behavior (18).

Control study
For the control study, 100 mosquitoes (in separately tested groups of 10) were

placed in the olfactometer. 98 mosquitoes descended within the first 4 minutes after the

untreated host target was placed beneath the LC. (Figure 2) None of the mosquitoes

descended into the LC during 10-minutes pretest periods without a host target. These

reproducible results indicated that female mosquitoes are attracted to host target placed

beneath lower chamber by their correspondingly rapid entrance into the lower chamber.

Mosquitoes, however, do not rarely descend into the lower chamber without a host target

or attractant present. These results suggest the olfactometer generates conditions relevant



44

to host seeking behavior of female mosquitoes, and serves as an effective and reproducible

tool in assessing whether mosquitoes move towards an attractant.
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Figure 11.2 Quest for attractant by female mosquitoes



45

Testing commercial DEET Products

Figure 3 depicts ranking of the commercially available DEET products tested based

on the number of mosquitoes repelled (number of mosquitoes that did not descend into the

LC within 10 minutes after repellent treated area is placed beneath the olfactometer).

Table 4 is the repeated measures (split plot) ANOVA table for the repellence study of

eight DEET repellent formulations.

Table 11.4 Repeated Measures ANOVA for repellence study of eight DEET repellent
formulations.

Source df SS MS F Value
Formulations4 7 171.87 24.55 7.79*
Replications 16 50.43 3.15
Time 7 214.75 30.68
Time x Formulations5 40 75.17 1.88 1.03
Error 94 170.91 1.82

Since there is no significant interaction between 'Time x Formulations' component of

the ANOVA (p = 0.4365), the significant difference among the repeated measures overall

averages of the 8 formulations (p = 0.0004) is meaningful. The non-significant interaction

suggests that the pattern of response in mosquitoes to repellents over time is not very

different among the formulations. A rational conclusion based on this analysis is that there

are significant differences among the average number of mosquitoes repelled by the 8

formulations. Statistical analysis also shows that the formulations were significantly

different at times 0.5, 2, 6 and 8 hours, but not significantly different at 10 and 12 hours

after treatment, at a = 0.05 level.

"'Formulations" measures the difference between the overall averages of the eight DEET
products.
5 "Time x Formulations" is the interaction of time(hours) and formulations.
* P < 0.01.
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Figure 11.3 Evaluation of repellency in commercial DEET products using an olfactometer
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The difference between OFF! pump spray (14.25%) and OFF! spray (95%) is in the

concentration of the formulation. OFF! pump spray appears to be the most effective

product in repelling mosquitoes but to obtain the effect, a person has to apply 7 mg/cm2

( 1 mg/cm2 m-DEET) of the formulation which is not feasible under normal circumstances.

Using the same test procedures, a 0.15 mg/cm2 m-DEET dose (1/5 of 1 mg/cm2) of

OFF! spray was applied (results not shown in Figure 3) and produced about 1/5 the

duration compared to the 1 mg/cm2 dose. This lower dose lost its efficiency as repellent

within 2 hours (10 mosquitoes descended into lower chamber in 10 minutes). This test

result is consistent with the known linear-dose response relationship of DEET against

mosquitoes (23) and suggests little effect from OFF! pump spray when the total

formulation is applied in a realistic amount.

From Figure 3 it appears that Cutter stick offers greater repellency, compared to

Cutter cream or Cutter aerosol spray. The oleaginous vehicle of the stick formulation

might have facilitated retention of the hydrophobic DEET. Since the vehicle is not

absorbed, DEET remains on the skin surface longer, offering longer protection.

Statistically however, the three products show no significant difference in average number

of mosquitoes repelled.

Figure 4 depicts ranking of repellents based on the number of mosquitoes NOT

probing. Probing is defined in this study as the act of mosquitoes trying to touch their

proboscis to the skin, as though about to bite. The presence of a physical screen barrier

between mosquitoes and host skin allow mosquitoes to probe, but not touch the skin or

bite. Table 5 is the repeated measures ANOVA table for the probing study of eight DEET

formulations. At a fixed dose of 1 mg/cm2 m-DEET, there is essentially no significant

difference in the probing response among the DEET products. DEET works as a vapor

repellent at higher concentrations, but at low concentrations the contact chemoreceptors

on the labella may be involved (24). The olfactometer, however, does not define contact

repellency which may be a limitation of this device. That is, mosquitoes may probe in the

olfactometer but still not bite if allowed to reach the skin. This is considered unlikely since

biting is a reflex action once the mosquitoes has landed. It is expected that mosquitoes

which probe would bite if they could.
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Table 11.5 Repeated measures ANOVA table for probing study of eight DEET formulations

SOURCE df SS MS F Value
Formulations 7 4.06 0.58 0.66
Replications 16 14.00 0.88
Time 7 53.30 7.61
Time x formulations 40 60.22 1.51 4.01
Error 94 35.33 0.38

Figure II.4 Evaluation of mosquito probing response to commercial products using an
olfactometer
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Testing Natural Repellent Products

Figure 5 represents the ranking of commercially available natural repellent products

tested based on the number of mosquitoes repelled. The natural repellent formulations

were applied at a rate of 4 mg/cm2, which is twice as much as a person would normally

apply (8). The dose was chosen so as to eliminate the possibility that failure of repellent

was due in part to inadequate dose. If the repellent is not effective at this dose, it will not

be expected to be any more effective at lower doses. Two ingredients of Skin-So-Soft

bath oil, diisopropyl adipate and benzophenone, are repellent to Aedes aegypti (25).

Comparatively, Skin-So-Soft lotion and bath oil (4 mg/cm2) was not as effective as

commercial DEET (1 mg/cm2) products in repelling Aedes aegypti. Suprisingly, there is

little difference in repelling activity between Skin-So-Soft bath oil and lotion (Figure 5).

Natural oil insect repellent products (Buzz Away® and Green Ban ®) contain citronella as

the main ingredient with repelling properties (26). Both products, however, offered little

repellency against Aedes aegypti in this study.

Figure 6 shows the probing study depicting the ranking of natural repellent products

based on mosquitoes probing response (number of mosquitoes that did not probe within

10 minutes after treated area is placed beneath the olfactometer) respectively.

Comparatively, natural repellent products (4 mg/cm2) offered less protection against

probing than DEET (1 mg/cm2) products. Buzz Away® and Green Ban® offered

practically no protection against probing right from the start.
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Figure 11.5 Evaluation of repellency in natural insect repellent formulations using an
olfactometer



51

Figure 11.6 Evaluation of probing response to natural insect repellent formulations using
an olfactometer
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Test Formulations
New test preparations were selected for evaluation with the olfactometer on the

basis of their previously reported evaporation profiles (24). Evaporation rate of DEET is

in the order of 73 (9.15% DEET) < 43 (38.8%) <53 (16.03%) < 74(24.25%). Figure 7

depicts the ranking of the Test formulations based on the number of mosquitoes repelled.

Formulations 53(1) and 74 repelled mosquitoes fairly well for up to 8-10 hours (5 out of

10 mosquitoes were repelled). They were, however, probably not as effective in repelling

mosquitoes as Muskol lotion. Formulation 43 displayed less effectiveness in repelling

mosquitoes than formulations 53(1) and 74. The effectiveness of 73 was low for up to 8

hours (less than 2 mosquitoes were repelled) but increases slightly at 10 hours. It could be

that DEET concentration in formulation 73 is posiibly too low (9.15%) to achieve a

minimum effective evaporation rate of against Aedes aegypti. Modifications of the

formulations are therefore necessary to extend the evaporation of DEET, yet at the same

time, retain its efficacy against mosquitoes. Formulation 5373, containing 53 and 73, is a

combination of a rapid release formulation and a sustained-release formulation of DEET.

Formulation 5373 was tested at a combined dose of 2 mg/cm2 of DEET (1 mg/cm2 of each

53 and 73) and showed good repelling efficacy for the first few hours, then a slight dip

between 6 to 10 hours, followed by an increase in efficacy which lasted as long as 16

hours. To minimize the dip between 6 and 10 hours, formulations 79 and 80(2) were

made. They contained essentially the same ingredients as formulation 5373 except in the

methods of preparation and the concentration of DEFT. At a higher DEET concentration

of 35% and 58%, formulations 79 and 80(2) showed very good sustaining property of up

to 24 hours at 1 mg/cm2 dose of DEET. Formulation 80(2), except for a slight dip at 4

hours, showed good repelling efficacy up to 24 hours. Preliminary evaluation suggested

that formulation 80(2) is a promising controlled-release formulation with efficacy against

Aedes aegypti up to 24 hours (Figure 7a).
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Figure 11.7 Evaluation of repellency in DEET formulations using an olfactometer
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Figure 11.7a Evaluation of repellency in DEET formulations using an olfactometer
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In-vivo and in-vitro correlation
Previous work in our laboratory has characterized in-vitro evaporation and

penetration of DEET in selected commercial and test formulations (see Chapter I). To

investigate possible in vitro and in vivo relationship, figures 8a-e show the relationship

between mosquitoes repelled and normalized evaporation rate for each the DEET

formulation tested. There is a positive correlation between higher evaporation rates and

numbers of mosquitoes repelled of the in vivo study. It has been suggested that DEET

acts as a vapor repellent (27), and greater evaporation of DEET means more DEET is

available in the vapor state to repel mosquitoes. Under the described experimental

conditions, the results are consistent with the conclusion that products with greatest

evaporation rate of DEET will be most effective in keeping mosquitoes away from the

host target for the period of time tested (10 hours). Based on the results in chapter I and

an evaporation rate between 30.82 to 43 1.tg/h/cm2 is suggested as the minimum

effective range against Aedes aegypti under the experimental conditions employed (27).

Figure 9a-e show that there is no specific relationship between flux and number of

mosquitoes repelled. There are several possible reasons as to why there is no specific

relationship between flux and repellency. It could be that the in vitro system did not

represent the in vivo conditions. These in vitro penetration studies were performed under

conditions where solvents were not allowed to escape from the donor phase cells which

do not represent in vivo conditions. Under in-vivo conditions, formulations applied to

skin which allows volatile solvents in formulations to evaporate. The solvent evaporation

process concentrates DEET in the formulation which in turn changes the skin penetration

characteristics of DEET when applied topically. These in vitro studies used the infinite

dose technique which may not have represented a finite dose applied under in vivo

condition. Under in vivo conditions, concentration of DEET evaporates from skin which

in turn changes thermodynamic activity and penetration of DEET through the skin.

One would expect that a high flux of DEET into the skin would decrease and

shorten the duration of mosquito repellent action. Note however, that a high flux of

DEET into isopropyl myristate did not decrease the duration of action for the test system

used (Figure 9e). These results are consistent with a conclusion that diffusional release of
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DEET from the formulations into a fatty receptor phase is not a major factor in product

efficacy. In that case, evaporation of DEET would be more important than absorption of

DEET into skin in terms of limiting duration of action. Formulations which minimize flux

are desirable since they are expected to minimize the amount of DEET absorbed into the

body.
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Correlation between mosquito repellency and in vitro evaporation rate.
Key: (8-a) 2 hours; (8-b) 4 hours; (8-c) 6 hours; (8-d) 8 hours; (8-e) 10
hours after application of repellent formulation.
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Figure II.8-a

Evaporation Rate (µg M/m-12)

Correlation between mosquito repellency at 2 hours and in vitro
evaporation rate. Key: () Muskol® lotion; () OFF! ® spray 95; ()
Cutter® cream; (0) Ultrathorn® cream; () 53(1); (0) 74; (A) REPEL®
aerosol; (A) 43; () Cutter® aerosol (X) 73
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Evaporation Rate

Correlation between mosquito repellency at 4 hours and in vitro
evaporation rate. Key: () Muskol® lotion; () OFF! ® spray 95; ()
Cutter® cream; (0) Ultrathom® cream; () 53(1); (0) 74; (A) REPEL®
aerosol; (A) 43; (11) Cutter® aerosol (X) 73
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Evaporation Rate (fig/h/cm2)
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Correlation between mosquito repellency at 6 hours and in vitro
evaporation rate. Key: (E) Muskol® lotion; () OFF! ® spray 95; ()
Cutter® cream; (0) Ultrathom® cream; (0) 53(1); (0) 74; (A) REPEL®
aerosol; (A) 43; (0) Cutter® aerosol (X) 73
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Figure 11.8-d

Evaporation Rate (mg/h/cm2)

Correlation between mosquito repellency at 8 hours and in vitro
evaporation rate. Key: (U) Muskol® lotion; (0) OFF! ® spray 95; ()
Cutter® cream; (0) Ultrathom® cream; () 53(1); (0) 74; (A) REPEL®
aerosol; (A) 43; (5) Cutter® aerosol (X) 73
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Figure 11.8-e

Evaporation Rate (ig/h/cm2)
Correlation between mosquito repellency at 10 hours and in vitro
evaporation rate. Key: () Muskol® lotion; () OFF! ® spray 95; ()
Cutter® cream; (0) Ultrathom® cream; () 53(1); (0) 74; (A) REPEL®
aerosol; (A) 43; (0) Cutter® aerosol (X) 73
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Correlation between mosquito repellency and in vitro flux. Key: (9-a)
2 hours; (9-b) 4 hours; (9-c) 6 hours; (9-d) 8 hours; (9-e) 10 hours
after application of repellent formulation.
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Figure 11.9-a Correlation between mosquito repellency at 2 hours and in vitro flux. Key:
(I) Muskol® lotion; 95; () Cutter® cream; (0)
Ultrathorn® cream; () 53(1); (0) 74; (A) REPEL® aerosol; (A) 43; ()
Cutter® aerosol (X) 73; (MI) OFF! ® spray 14
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Figure 119-1) Correlation between mosquito repellency at 4 hours and in vitro flux.
Key: () Muskol® lotion; () OFF! ® spray 95; () Cutter® cream; (0)
Ultrathom® cream; () 53(1); (0) 74; (A) REPEL® aerosol; (A) 43; ()
Cutter® aerosol (X) 73; (CI) OFF! ® spray 14
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Figure 11.9-c Correlation between mosquito repellency at 6 hours and in vitro flux.
Key: (I) Muskol® lotion; () OFF! ® spray 95; () Cutter® cream; (0)
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Figure 11.9-d Correlation between mosquito repellency at 8 hours and in vitro flux.
Key: (U) Muskol® lotion; (0) OFF! ® spray 95; () Cutter® cream; (0)
Ultrathom® cream; () 53(1); (0) 74; (A) REPEL® aerosol; (A) 43; (U)
Cutter® aerosol (X) 73; (E4) OFF! ® spray 14
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Figure 11.9-e Correlation between mosquito repellency at 10 hours and in vitro flux.
Key: () Muskol® lotion; () OFF! ® spray 95; () Cutter® cream; (0)
Ultrathom® cream; (lb) 53(1); (0) 74; (A) REPEL® aerosol; (A) 43; (I)
Cutter® aerosol (X) 73; (ICI) OFF! ® spray 14
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CONCLUSIONS

The olfactometer offers a simple, non-invasive and reproducible method for

evaluating repelling efficacy of repellent formulations. Though some DEET products

may be equivalent in preventing mosquito bites up to 8 hours (probing study), they

probably are not equivalent in preventing mosquitoes from flying close and/or landing on

the host (repelling study). Skin-So-Soft® lotion and bath oil generally lost their

effectiveness within two hours and were not as effective as DEET in repelling Aedes

aegypti. Natural oil insect repellent formulations offered essentially no repellency against

Aedes aegypti. The plain nuisance of having mosquitoes just flying around may impose

on users' comfort, thereby affecting the preference of products with longer repellency

time. Although the results may be optimistically skewed due to ideal experimental

conditions, the method is expected to be valuable in preliminary screening of promising

new insect repellent formulations with long actions currently being developed. Preliminary

evaluation suggests that formulation 80(2) is effective in repelling Aedes aegypti for up to

24 hours.

There is no specific relationship between in vitro penetration (flux) and in vivo

repellency. These results are surprising as one would expect a larger flux of DEET into

the receptor would correlate with absorption through the skin which would leave little

DEET on the skin to repel mosquitoes at longer times (8 or 10 hours). The test system

needs to be modified in order to be useful for predicting effectiveness of insect repellent

formulations.

There is a positive correlation between in vitro evaporation rate and in vivo

repellency which may be attributed to differences between in vitro and in vivo conditions.

Products with the greatest apparent DEET evaporation rates correspond to highest

repelling efficacy under experimental conditions. Evaporation data resulting from the

oven study can be used as a preliminary method in selecting the best combination of

repellent and additives for further testing on animals or man.
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CHAPTER HI

OPTIMIZATION AND PREDICTION OF DRUG RELEASE FROM

HYDROXYPROPYL METHYLCELLULOSE (HPMC) MATRICES AS A FUNCTION

OF POLYMER CONCENTRATION AND VISCOSITY.
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ABSTRACT

Optimization of controlled release formulations from direct compressed tablets

containing a water soluble drug, HPMC, PVP, and magnesium stearate is reported. The

present investigation shows that a desired dissolution profile of drug can be obtained by

adjustment of polymer concentration, viscosity and particle size, while keeping content of drug

and lubricant constant. A broad understanding of dissolution characteristics of the drug is

achieved by evaluating a total of twenty formulations containing varying proportions of

excipients. Using twelve of the formulations, an empirical non-linear regression model is

developed to predict drug release as a function of percentage of HPMC and PVP in a tablet.

Drug dissolution from the remaining eight formulations containing four viscosity grades and

two different particle sizes of HPMC is predicted by an empirical Weibull model Combination

of these two models allow computer simulation of a spectrum of in vitro drug dissolution time

curves for any proposed combination of HPMC and PVP with respect to viscosity grade and

concentration, while keeping the content of drug and lubricant constant. Additionally, it is

shown that changes in tablet geometry modified drug release. Changes in compression

pressure, however, did not affect drug dissolution.



75

INTRODUCTION

Pentoxifylline, 1-(5-oxohexyl)-3,7-dimethylxanthine is useful for intermittent

claudication, or leg pains due to poor blood flow which results from chronic occlusive

arterial disease. It improves blood flow by decreasing blood viscosity and improving

erythrocyte flexibility. This increases blood flow to the affected microcirculation and

enhances tissue oxygenation (1). Pentoxifylline has a short half-life (approximately 1

hour), and frequent dosage is necessary to maintain therapeutic levels. Thus, there is a

need for a sustained-release dosage form. Trental® 400 mg (Hoechst-Roussel

Pharmaceuticals, Inc., Somerville, NJ) is a sustained-release dosage form of pentoxifylline

which is dosed three times daily.

Inert ingredients in oral solid dosage formulations influence drug dissolution from

the formulations (2, 3). Considerations with respect to inert ingredients are therefore

crucial in the successful development of sustained-release dosage forms. Since in vitro

dissolution often correlates with in vivo absorption of drug, the correlation can be coupled

with elucidated formulation relationships and pharmacokinetics modeling to predict drug

concentration versus time curves in bioavailability studies. The scope of this study can be

classified into three categories: 1) Investigate the influence of HPMC (hydroxypropyl

methylcellulose) and PVP (polyvinylpyrrolidone) with respect to concentrations, particle

size and viscosity as well as tablet shape and compression force on in vitro drug release.

2) Estimation of regression and Weibull parameters associated with in vitro dissolution

data. 3) Combining regression and Weibull models to allow computer simulation of a

spectrum of in vitro drug dissolution time curves for any proposed combination of HPMC

and PVP.

Economically, it is not feasible to formulate all combinations in search of one that

will mimic the exact dissolution profile which a formulator desires. Since Trental® tablets

contain polyvinylpyrrolidone (PVP) and hydroxypropyl methylcellulose (HPMC), which

are major contributors in controlling drug release from dosage forms, the initial approach

is to make several formulations by systematically varying polymer concentrations, grades,

and viscosities. Two mechanisms are used to describe drug release from a HPMC matrix:
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diffusion through the gel and erosion of the gel barrier (4). Mathematical models have

been developed to describe the influence of drug type (2), HPMC:drug ratio (5), swelling

(6, 7) and glass transition temperature (8) of polymer on drug release. The usual approach

to achieve controlled release of drug would be to adjust HPMC concentrations, viscosity,

and levels of added diluents (1, 2, 3, 9). Results herein show that drug dissolution is

influenced not only by HPMC concentrations, but also by binder concentrations (i.e.,

PVP). Changes in tablet geometry also modify drug release. Changes in compression

pressure, however, appeared not to affect drug dissolution, which is in agreement with

results reported in the literature (10). An empirical model is developed which relates drug

release rate to both HPMC and PVP concentrations in compressed caplets.

EXPERIMENTAL

Materials

Pentoxifylline (Sigma chemical co., Midland, MO), Hydroxypropyl methylcellulose,

viscosity of 2% aqueous solution equal to 4000 cps (Sigma Chemical Co., St. Louis, MO),

Hydroxypropyl methylcellulose at four viscosity grades, Methocel®KlOOLV, K4M,

K15M and K100M premium grade (Dow Chemicals, Midland, MI), Controlled Release

(CR) grade hydroxypropyl methylcellulose at four viscosity grades, Methocel® K100LV,

K4M, K15M and K100M premium CR grade (Dow Chemicals, Midland, MI),

Polyvinylpyrrolidone, MW 40,000, special grade (Aldrich Chemicals, Milwaukee, WIS),

Magnesium stearate (Fisher Scientific Co., USA).

Preparation of solid dosage form

I. Direct compression
Caplets and tablets containing 400 mg of drug were prepared by direct compression

with varying amounts of HPMC, PVP, and 1% Magnesium stearate. The drug was

premixed with PVP and HPMC. Magnesium stearate was added last and the powder was

mixed in a beaker with a metal spatula. A die was filled manually with the powder mixture
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and compressed using a Hydraulic Laboratory Carver Press (Fred S. Carver Inc. Summit,

New Jersey).

II. Precompression method

Carefully weighed HPMC, cefaclor, and PVP powder were placed in a beaker and

mixed thoroughly with a spatula for at least 5 minutes (Formulation 6, compositions as

shown in Table 1.). The dry powder mixture was then compressed into slugs, each

weighing about 1 gm, using a hydraulic Laboratory Carver Press and a set of flat-faced

punches, 3/4" in diameter. Slugs were subsequently crushed using a mortar and pestle into

uniform size granules, and granules were separated into desired size fractions by sieving.

Only granules 20-60 mesh sieve size were used for recompression. Mixing was

accomplished by placing weighed granules on a piece of cloth held by its four corners and

alternately lifting two corners of the cloth at a time, thereby gently mixing granules

through tumbling and rolling motions. Moreover, granules were moved with a spatula

occasionally to assure thorough mixing. Magnesium stearate was then added to the

granules and gently mixed for an additional 2 minutes. The die was filled manually with

579.9 mg of granulation and compressed at 6000 lb. using a Hydraulic Laboratory Carver

Press (Fred S. Carver Inc. Summit, New Jersey).

Ill. Wet granulation
Formulation 6 was also prepared by wet granulation. Granulating solution (10%

PVP solution) was added gradually to well-mixed pentoxifylline and HPMC powder

mixture, with kneading. Additional deionized water was blended thoroughly into the mass

by a spatula in a small beaker. The resulting wet dough was pushed through a disposable

syringe (without needle attachment) and the wet "noodles" were collected on a

compounding slab. Noodles were spread and dried in the oven at 40°C overnight. Dried

noodles were then reduced in size with a mortar and pestle and the resulting granules

separated into desired size fractions by sieving. Granules were coarse and non-spherical.

Granules were mixed with magnesium stearate and compressed into caplets as previously

described.
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Influence of polymer concentration, viscosity grade and particle size

Twelve blends of formulations with varying levels of PVP at 2,5, and 10% and

HPMC (Sigma Chemical Co.) at 20, 25, 30 and 40% were studied. Each compressed

caplet or tablet contained varying levels of HPMC, PVP, 400 mg of drug and 1%

magnesium stearate. Compression force was maintained at 6000 lb.

Eight blends of formulations differing with respect to HPMC viscosity grades (K

100LV, K4M, K15M and K100M) and particle size grades (Methocel®, Methocel® CR)

were studied. Each compressed caplet contained 25% HPMC, 5% PVP, 1% magnesium

stearate and 400 mg of drug. Compression force was maintained at 6000 lb.

Effect of compact geometry and compression force

Two different size caplet punches (Caplet A and Caplet B) and a 29 flat faced tablet
64

punch were used for this study. Dimensions of tablets were measured using a dial caliper

and surface area using equation (1). The surface area of caplets

and tablets were also measured using Magic® tape. Tapes were cut to cover (without

overlapping) the surface of a caplet, the tapes were then peeled from the tablet surface and

areas were measured on a piece of graph paper.

Flat faced tablet: surface area = 27cr (r + h) Equation (1)

Caplets containing 400 mg of drug, 5% PVP, 25% HPMC (Sigma) were

compressed at 2500, 5000 and 7500 lb. Dissolution studies of these caplets were

performed in triplicate.

Dissolution studies

Dissolution studies were carried out according to the USP XX II paddle method at

37°C at 75 rpm. Dissolution medium consisted of 900 ml simulated gastric fluid (without

enzymes) for 2 hours, then 900 ml simulated intestinal fluid (without enzymes) for the next

22 hours. Samples were collected at 0.5, 1, 2, 2.5, 3, 4, 6, 8, 10, 12, 16, and 24 hours
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with replacement of equal volume of media. Samples were assayed at 280 nm using a HP

diode array spectrophotometer.

Data analysis

Stepwise regression was performed on statistical software package, Statgraphics®,

7.0. The Model with the fewest independent variables and the highest adjusted coefficient

of determination (r2) was selected. The resulting model is used to estimate both the

experimental percent cumulative release as a function of HPMC, and PVP over time, and

to simulate dissolution data. Weibull model is used to approximate both experimental

dissolution from formulations containing different viscosity grades of HPMC and to

simulate dissolution data. Parameters of the Weibull model were estimated with curve

fitting software, PSPLOT®.

RESULTS AND DISCUSSION

Scanning electron microscopy studies on Trental®

The surface and internal structure of Trental® was studied using Scanning electron

microscopy (AmRay Model 1000A, Bedford, MA). A cross section of a marketed

pentoxifylline tablet containing HPMC and PVP (Trental®) caplet shows a homogenous

matrix system without any visible coating layers (Figure la-b) indicating the HPMC and

PVP are responsible for controlling pentoxifylline dissolution.

Influence of HPMC and PVP concentrations

Table 1 lists the compositions of 12 different formulations which were compressed

into caplets and tablets. Figures 2 and 3 show the dissolution profiles of a caplet (called

caplet A) and a tablet; respectively, containing varying concentrations of HPMC and PVP.

Increasing concentrations of HPMC slows drug release for both the tablet and the caplet.

Similarly, increasing PVP concentrations decreases release rate. Dissolution data for the

marketed CR form of pentoxifylline (Trental) are also included for reference information.
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Comparatively, tablets release drug at a much slower rate than caplets with the same

composition (Figures 2 and 3). Hinze reported 100% in vitro drug release from

Trental® within 8 hours (11). Results herein, show complete drug release occurs in vitro

in 24 hours . The discrepancy may be attributed to differences in dissolution apparatus

employed. Rotating bottle method (Hinze) usually has a higher degree of agitation than

the paddle method. This is a clear demonstration that in vitro dissolution may or may not

directly correlate with in-vivo absorption of drug, depending at least partially on the in

vitro method employed. Nevertheless, it is valid to use in vitro dissolution to predict

bioequivalence or inequivalence of formulations that differ with respect to in vitro

dissolution if a correlation between in vitro drug dissolution and in vivo drug absorption is

known (12) for the in vitro method employed.
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Figure M. la Cross section of a Trental® tablet, 15x magnification

Figure HI. lb Cross section of a Trental® tablet (surface to core), 500x magnification
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Table 111.1 Composition of formulations with varying concentrations of HPMC and
PVP for direct compression

Formulations HPMC1 PVP Mg stearate Pentoxifylline2 Weight of a
(%) (%) (%) (%) single compact

(mg)
1 (hp20p2) 20 2 1 77 519.5
2 (hp25p2) 25 2 1 72 555.6
3 (hp30p2) 30 2 1 67 597.0
4 (hp40p2) 40 2 1 57 701.8
5 (hp25p5) 20 5 1 74 540.5
6 (hp25p5) 25 5 1 69 579.7
7 (hp30p5) 30 5 1 64 625.0
8 (hp40p5) 40 5 1 54 740.7
9 (hp20p10) 20 10 1 69 579.5
10 (hp25p10) 25 10 1 64 625.0
11 (hp30p10) 30 10 1 59 678.0
12 (hp40p10) 40 10 1 49 816.3

1 Viscosity of 2% HPMC (Sigma Chemical Co.) aqueous solution is 4000 cps.
2 Each tablet contains 400 mg of pentoxifylline, hpmc:drug ratio differs, but the amount
of drug in each tablet is the same.
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Figure 111.2 Effect of polymer concentration: dissolution profile of pentoxifylline

caplets with 1% magnesium stearate, varying HPMC (4M viscosity) and
PVP. Key: ()hp20p2 ; ()hp25p2; ()hp30p2; ( )hp40p2; ()hp20p5;
( )hp25p5; (I)hp3Op5; ()hp4Op5; ( )hp 20p10; (I)hp 25p10;
(M)hp3Op10; ()hp40p10; ()Trental
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Figure 111.3 Effect of polymer concentration: dissolution profile of pentoxifylline
tablets with 1% magnesium stearate, varying HPMC (4M viscosity grade)
and PVP. Key: ()hp20p2 ; ()hp25p2; ()hp30p2; ( )hp40p2;
()hp2Op5; ()hp25p5; (S)hp30p5; (S)hp40p5; ( )hp 20p10; (U)hp
25p10; (11111)hp3Op10; (111)hp40p10; ()Trental
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An empirical multiple regression model was developed from dissolution data of

caplets A (figure 2) and formulations 1-12, showing the effect of varying HPMC and PVP

concentrations on drug release (Model I). The modeling may be applied to estimate drug

release from caplet A, containing varying amount of HPMC and PVP. The model is only

valid if the formulation contains 1% magnesium stearate, and HPMC (Sigma, 4M viscosity

grade) and the mixture is made into a caplet by direct compression. Application to

another viscosity HPMC is demonstrated later.

% Predicted Drug Release =
t t 4180.57 261.8394.68-376.71 +530.281

h+
+ h+p h

+ 122.06
h+ p p

I ) 1393.88 ,t t
Vh+ p Vh+ p +44.33

Vh

(Model I)

where

h = % HPMC (4M viscosity) in formulation

p = % PVP in formulation

t = time in hours

Note that there are only 3 variables (h, p and t) which are formulation variables, in

this model developed from eight data sets, and each data set is the average of three

replicate runs. Many different functions of h, p and t were tried, but only statistically

significant functions were selected and included in Model (I). A useful fit is observed

between the predicted and observed percentage cumulative drug release over time (Figure

4). The model has an adjusted r2 of 0.9900.
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Figure 111.4 Predicted versus observed dissolution profile of caplets containing 400 mg
pentoxifylline, varying concentration of HPMC (4M viscosity) and PVP.
Key: ()hp20p2 ; (U)hp25p2; (1111)hp30p2; ( )hp40p2; (111)hp20p5;
(0)425p5; (M)hp30p5; (11)hp40p5; ( )hp 20p10; ()hp 25p10;
(111)hp30p10; (a)hp4Op10
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Formulation 6 was selected to further study the effect of viscosity, particle size of

HPMC, and compression force on drug release. The release pattern of formulation 6 in a

tablet is near the middle of the "dissolution fan" (Figure 3). Thus further study of varying

viscosity and particle size in formulation 6 allows for a range of both positive and negative

changes in dissolution rate to easily be detected.

Influence of particle size and viscosity grade on drug release

Figure 5 presents dissolution profiles of pentoxifylline from a HPMC matrix caplet

(A, formulation 6), utilizing 4 viscosity grades of HPMC (Methocel® 100LV, 4M, 15M

and 100M). Figure 6 shows similar formulations dissolution profiles but utilizing HPMC

of a smaller particle size (Methocel® CR 100LV, 4M, 15M and 100M). The difference

between Methocel® and Methocel® CR only in particle size, the former being 99%<40

mesh while the latter is 90%<100 mesh. Comparatively, formulations with Methocel CR

in the caplets release drug at a slightly slower rate than formulations containing

Methocel®. Dissolution from Trental is included for reference and it can be seen

dissolution curves in Figure 6 are shifted closer to Trental than in Figure 5. The ultra-fine

particle size of the CR grade allows the HPMC to hydrate rapidly, forming a gel barrier on

the surface of the caplet more quickly, thereby slowing drug release (10).
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Effect of polymer viscosity: release profile of pentoxifylline caplets from
formulations containing 5% PVP and 25% HPMC of various viscosity
grade. Key: () Methocel 100 LV; () Methocel 4M; () Methocel 15M;
(A) Methocel 100M; (6) Trental
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Effect of polymer viscosity: release profile of pentoxifylline caplets from
formulations containing 5% PVP and 25% CR grade HPMC of various
viscosity grade. Key: (II) Methocel CR100 LV; () Methocel CR4M; ()
Methocel CR1 5M; (A) Methocel CR1 00M; (111) Trental
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As expected, figures 5 and 6 indicate that increasing HPMC viscosity in

formulations decreases drug release rate. Increasing HPMC viscosity creates a more

viscous gel on the caplet surface, thereby slowing diffusion of drug through the matrix. A

Weibull model (13), an empirical relationship, was used to approximate in vitro drug

release from formulations consisting of different viscosity grades of HPMC (Model II).

This model predicts drug release from caplet formulations containing 25% HPMC

differing with respect to viscosity grades, 5% PVP and 1% magnesium stearate.

\fi

F = Foo 1 e °' Model (II)

where F is the % cumulative release, Foo is the percent cumulative release at time infinity,

0 is a time scaling parameter, and 13 is the shape parameter. Several other empirical

models were tried to estimate the dissolution data but none fitted as well as the Weibull

modeL Weibull model is used to both describe the experimental drug release and to

simulate dissolution data. Table 2 lists the 0 and (3 parameters obtained by fitting drug

dissolution (Figures 5 and 6) from formulations containing various viscosity grades of

HPMC.

From Model I, it is possible to calculate the ratios for cumulative percentage drug

release from each formulation relative to cumulative percentage drug release from

formulation 6 at individual time points (Rt4m).

From Model I, a ratio Rt4m can be calculated:

Rt4M = F(V4h25, P5,0
F(v4,hi,pi,ti)

The ratio can then be used as a correction factor in Model H to predict a spectrum

of drug release profiles from formulations consisting of any proposed combination of

HPMC with respect to viscosity and concentration, PVP concentration and 1%

magnesium stearate.
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(Foo ,q5,f,)

Combined Model. Dissolution prediction:

Rt4M X W (F0 0,0v, fiv)

An example of the results of this application is shown in Figure 7, which is a

simulated spectrum of dissolution profiles from caplet A formulations consisting of

varying HPMC -100LV concentrations, PVP concentrations, 1% Magnesium stearate, and

400 mg pentoxifylline (see Appendix A). Similar figures can be generated for all other

grades of HPMC shown in table 2. The above is only valid if the estimated Rt4M values

estimated based on results shown in figure 3 do not change for formulations containing

different grades of HPMC compared to 4M viscosity grades.

Table 1112 Summary of Weibull parameters (03 and (34)

Viscosity 100LV 4M 15M 100M 100LV 4M 15M 100M
(CR) (CR) (CR) (CR)

Foo 103.52 94.85 102.32 98.25 102.68 95.64 96.04 103.08

13
0.13 0.09 0.08 0.08 0.83 0.51 0.51 0.43

0 0.39 0.46 0.56 0.53 2.33 2.94 3.28 4.15

3 0 is the time scaling factor
4 13 is the shape parameter
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Figure LII.7 Predicted dissolution profiles from caplet A formulations consisting of
varying HPMC (100LV) concentrations, PVP concentrations, 1%
Magnesium stearate, and 400 mg pentoxifylline. Key: () hp20p2 ; (0)
hp25p2; (A) hp30p2; () hp40p2; () hp20p5; (0) hp25p5; (Li) hp30p5;
(0) hp40p4; () hp 20p10; (0) hp 25p10; (0) hp30p10; (7) hp40p10
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Influence of compact geometry and compression force

Figure 8 shows the effect of size and shape of compact on drug release from

formulation 6 compressed to the same weight and formula. Compacts were made with

two different size of caplet punches and a flat faced tablet punch. Compression pressure

was maintained at 6000 lb. for all formulations. It is clear that adjustment of geometry of

compact made a big difference in release rates. Caplet and tablet represent the greatest

variations in geometry for compacts of equal weight and formula, and display a significant

difference in drug release profile. Comparatively, caplets displayed greater dissolution

rates than tablets due to differences in compact thickness. Caplets being thinner allow

faster water penetration through matrices, leading to more rapid dissolution of drug.

There is no significant difference in dissolution profile between the two different size

caplets. Table 3 summarizes the calculated and/or measured surface areas of the compacts

investigated.

Table III.3 Characteristic of compact geometry

Compact Method Surface area (mm2)
Caplet A Tape 371.0
Caplet B Tape 329.0
Tablet Tape 327.4
Tablet Calculated' 329.3

Figure 9 shows dissolution curves of formulation 6 compressed into caplet A with

varying compression load of 2500, 5000 and 7500 lb. Compression load had no effect on

dissolution.

5 Surface area calculated from equation 1.
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Figure lit.8 Effect of compact geometry: release profiles of caplets containing
pentoxifylline (formulation 6). Key: () Small caplet; () Regular caplet;
(A) tablet; (NE)Trental
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Table 1II.4 Composition of Generic pentoxifylline sustained release formulations

Ingredients Percentage Amount per caplet
(mg)

Methocel K-100M CR 25 144.93
Polyvinylpyrrolidone (PVP) 5 28.99
Pentoxifylline 69 400
Magnesium Stearate 1 5.80

`Generic' preparation
While a variety of pentoxifylline formulations with a fairly wide range of in vitro

dissolution profiles may produce useful in vivo drug release profiles. One (Trental) has

already achieved medical success. Review of the figures shows that using Methocel K-

100M CR as the same in formulation 6 (table 1) results in vitro dissolution which is nearly

identical to in vitro dissolution from Trental (Figure 6). This formulation was selected to

evaluate the effects of different methods of granulation on drug release. The formulation

consisted of a mixture by weight of 25% Methocel® CR 100M, 5% PVP, and 69%

pentoxifylline. The powder mixture was thoroughly mixed with a metal spatula and 1%

Magnesium stearate was then added before tableting. Caplets were made by placing 579

mg of the formulation between two punches (supplied by Biocraft Lab.) in a die and

compressing with a load of 6000 pounds on a Hydraulic Laboratory Carver Press.

Effect of methods of granulation for caplet preparation on dissolution
The direct compression approach is satisfactory for preparation of single tablets for

small research studies and is a rapid method for preliminary identification of promising

formulations. The formulations of interest does not, however, have suitable flow

properties (angle of repose = 39°, determined by the fixed funnel method) for high speed

tableting. Previous experience in this laboratory with other HPMC based formulations has

resulted in similar dissolution for directly compressed powder and granulated

formulations. Granulation of the generic formulation (composition as shown in Table IV)

produced desirable flow properties, and formed an excellent caplet upon compression.

Dissolution evaluation (Figure 10) showed that there is no significant difference in release



rate between direct compressed powders and granulated materials. Granule particle size

had no effect on dissolution for this formulation, following wet granulation.
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Figure 111.10 Dissolution profile of pentoxifylline caplets prepared by different methods
of granulation. Key: (M) Trental; (D) Wet granulation (20-28 mesh); (A)
Wet granulation (28-60 mesh); (Li) Dry granulation (20-60 mesh)
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CONCLUSIONS

The desired dissolution profile of the water soluble drug (pentoxifylline) can be

obtained by adjustment of HPMC concentration, PVP concentration, HPMC viscosity and

HPMC particle size while keeping content of drug constant. Two empirical models to

predict drug release from HPMC matrix caplets are derived from this study The models

can be modified and combined to describe predicted release-time curves for any proposed

combination of PVP and HPMC, while keeping the amount of drug and lubricant constant.

While these predicted results may not be exact, they are expected to be very helpful in

limiting the number of formulation, iterations necessary to produce a desired drug

dissolution profile.

Although there are several experimental formulations that closely mimic the drug

release curves of Trental®, factors such as caplet weight and shape should also be taken

into consideration. Considering all factors, a formulation containing 25% HPMC(CR

100M), 5% PVP, 1% magnesium stearate, and 400 mg pentoxifylline is selected for

preliminary bioequivalence and evaluation studies. Such data are required to establish the

in vitro-in vivo relationships necessary to allow use of desired in vivo drug concentration

versus time curves to identify previously unselected and unmade but useful formulations,

based on in vitro dissolution predicted from models developed here-in.
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CHAPTER IV

PRELIMINARY PHARMACOKINETICS AND BIOAVAILABILITY EVALUATION

OF CONTROLLED RELEASE PENTOXIFYLLINE FORMULATIONS
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ABSTRACT

Pharmacokinetics and bioavailability of pentoxifylline were determined and

compared in seven healthy adults after administering, on separate days, a single dose of a

new controlled release formulation and a pioneer product, Trental. The new (generic)

formulation consists of a hydrophilic polymer, a binder, a lubricant and pentoxifylline,

which were mixed and compressed into caplets. Pentoxifylline undergoes extensive first-

pass metabolism to produce CP-DMX which is the major metabolite detected in urine

after oral administration. Urine samples were collected for 24 hours post dosing, and

concentrations of CP-DMX determined using HPLC. Pharmacokinetic and bioavailability

evaluation is based on measurement of CP-DMX in urine. The mean urine excretion rate

of CP-DMX reach a peak value of 19.18 mg/h at 4.5 hour and 19.32 mg/h at 3.66 hours

for Trental and generic, respectively. Estimated relative bioavailability of generic and

Trental are approximately 100% based on total CP-DMX recovered in the urine and area

under the CP-DMX urinary excretion rate versus time curves. Preliminary evaluation of

generic in comparison to Trental, shows that there is no statistical and no expected clinical

significant differences in extent of absorption, peak excretion rates, and time to peak

between the two formulations.
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INTRODUCTION

After oral administration, pentoxifylline is extensively absorbed. It undergoes first-

pass metabolism, primarily by reduction, to form the major metabolite in blood, 1-(5' -

hydroxyhexyl)-3,7-dimethylxanthine (Metabolite 1), and by oxidation to form metabolites

4 and 5 (Figure 1). Several other metabolites have been detected but exact metabolic

pathways have yet to be determined Excretion of metabolites in the urine is extensive

(94% of dose) (1); the major metabolite in urine is 1-(3'-carboxypropy1)-3,7-

dimethylxanthine (Metabolite 3) and, to a lesser extent, 1-(3'-carboxybuty1)-3,7-

dimethylxanthine (Metabolite 4). Unchanged pentoxifylline is excreted via the kidney in

quantities of less than 1 % of the administered dose (2). Figure 1 traces the main

metabolic pathway of pentoxifylline in man (2). Pentoxifylline has a short half-life of

approximately 1.6 hours, which means frequent dosing is necessary to maintain

therapeutic plasma levels (3). Thus, there is a clinical need for a controlled-release dosage

form_ Furthermore, controlled-release of pentoxifylline results in improved

gastrointestinal tolerance while eliminating high peak and low troughs in plasma

concentrations.

Pentoxifylline effectiveness has been well documented in controlled clinical trials in

the United States, Europe, Asia, and Latin America (4, 5, 6, 7, 8) over the past decade.

The current recommendation in all therapeutic areas is for oral pentoxifylline 400 mg

(controlled release formulation) to be given 3 times daily with food. This may be reduced

to twice daily administration depending on severity of symptoms, efficacy, and tolerance.

Effects of pentoxifylline may be seen within 2 to 4 weeks, but treatment should be

continued at least 8 weeks (1, 9).

In this research , two controlled release pentoxifylline formulations (Generic,

College of Pharmacy, Oregon State University, and the marketed standard, Trental®

Hoechst-Roussel, Pharmaceutical Incorporated, Somerville, NJ) were compared with

respect to in vitro release rates ofpentoxifylline and in vivo urinary excretion rates of a

major metabolite of pentoxifylline, CP-DMX. Objectives of this study are two fold:
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to evaluate and compare bioavailability parameters associated with observed urinary

excretion data following a single dose of the generic formulation as compared to Trental®,

and to provide information useful for modification of the generic formulation, if necessary,

to make it equivalent to Trental®.
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MATERIALS AND METHODS

Formulation ingredients

Pentoxifylline, lot 73H0654, was purchased from Sigma Chemical Co., St. Louis,

MO. Methocel® (Hydroxypropyl methylcellulose) premium CR grade, viscosity 100M,

lot MM92101105K, was obtained from Dow Chemical Company, Midland, MI.

Polyvinylpyrrolidone (PVP), lot 05907CW, was purchased from Sigma Chemical Co., St.

Louis, MO. Magnesium stearate, NF, 113# 262944 lot was donated by Mallinckrodt,

Paris, KY.

Reagents and standards

Metabolite 5, 1-(3'-carboxypropy1)-3,7-dimethylxanth ine, was supplied by Hoechst-

Roussel pharmaceuticals (Somerville, NJ, U.S.A.). The internal standard, 7-13-

hydroxypropyl theophylline, was purchased from Sigma Chemical Co., St. Louis, MO.

The water used in this procedure was deionized using the Milli-Q® Reagent Water system

(Millipore, Bedford, MA, USA). All reagents were used without further purification.

Generic preparations

The formulation studied here consisted of a mixture by weight of 25% Methocel®

CR 100M, 5% PVP, and 69% pentoxifylline. The powder mixture was thoroughly mixed

with a metal spatula and 1% Magnesium stearate was added before tableting. Caplets

were made by placing 579 mg of the formulation between two punches (supplied by

Biocraft Lab.) in a die and compressing with a load of 6000 lb. on a Hydraulic Laboratory

Carver Press.

Dissolution studies

Dissolution studies were carried out according to the USP XX II paddle method at

37°C at 75 rpm. Dissolution medium consisted of 900 ml simulated gastric fluid (without

enzymes) for 2 hours, then 900 ml simulated intestinal fluid (without enzymes) for the next

22 hours. Samples were collected at 0.5, 1, 2, 2.5, 3,4, 6, 8, 10, 12, 16, and 24 hours with
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replacement of equal volume of media. The samples were assayed at 280 nm using a HP

diode array spectrophotometer.

Subjects

The study was approved by the Oregon State University Institutional Review Board

(IRB) for the Protection of Human Subjects. All subjects (four females and three males)

were healthy individuals aged between 21 to 34 years old, weighing 52 to 75 kg, who

signed written informed consent before entry into the study. All subjects reported no

heavy alcohol consumption. All subjects were non-smokers and were not currently taking

any medications. None of the subjects had a history of cardiovascular, liver, renal, or

gastrointestinal disease, or hypersensitivity to pentoxifylline, theophylline, theobromine, or

caffeine.

Study Design

For 3 days prior to the study and until its conclusion, the subjects were instructed to

abstain from any food or beverages containing methylxanthines, e.g. coffee, tea, chocolate,

cola drinks, etc. Furthermore, subjects were instructed to take no prescription or non-

prescription drugs during this period. Under a random crossover design, subjects were

assigned either the Generic or Trental® as a starting dose. After a washout period of one

week, the alternate dose was given. Subjects fasted overnight before each treatment and

were instructed not to eat any food, apart from a standard breakfast, until four hours after

dosing. The breakfast consisted of 150 ml milk (2% fat), 100 ml orange juice, one egg

(fried), two slices of toast, 20 gm of margarine and 20 gm of jam. The dose was taken

immediately after the breakfast.
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Collection of urine samples

Urine was collected in labeled plastic bags at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 12, 16 and

24 hours after administration. The full volume of urine output was collected for all time

points except 0 hour, which was used as a blank for analysis. Urine was collected and

after the volume was measured, an aliquot of the urine sample was stored in the

refrigerator until analysis. The assay was carried out within one or two days after samples

were collected.

Assay Method

This assay method is a modification of the method published by Bryce in 1985 (10).

Stock solution (2 mg,/m1) of 1-( 3'- carboxypropyl )- 3,7- dimethylxanthine (CP-DMX, major

metabolite of pentoxifylline), and internal standard 7-13-hydroxypropyl theophylline

solutions (197 pg/m1) were prepared by dissolving the solid material in 0.01 M sodium

hydroxide. Portions of CP-DMX stock solution were diluted with drug-free urine to

produce a series of standard solutions with CP-DMX concentrations over the range 560 -

17.25 p.g/ml. An equal volume of internal standard solution was added to the standard

solutions before injection into HPLC.

Urine samples were analyzed without extraction. Preparations involved dilution of

100 p1 of urine samples with equal volumes of internal standard solutions, followed by

injection of 15 IA into the HPLC system.

Chromatography

A Model M45 pump (Waters Assoc.) is coupled via a 712 WISP autosampler

(Waters Assoc.) to a Microsorb-MVTm 5 pm octadecyl RP column, 25 cm x 4.6 mm and

a 5 p.m octadecyl guard column cartridge. The mobile phase is methanol -0.02 M

orthophosphoric acid (1:2.5) adjusted to pH 4 with 6 M sodium hydroxide. The flow rate

is 1 ml/min. The absorbance of the column eluent is measured at 280 nm with a model

440 UV detector (Waters Assoc.)
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Quantification

Standard curves were evaluated daily. Quantification of each sample was based on

peak height ratios using the internal standard peak as the divisor. The resulting calibration

curve was fitted with a linear regression line; the resulting equation allowed prediction of

concentrations from absorbance of samples.

Data Analysis

Microsoft Excel spreadsheet 5.0 was used to calculate bioavailability parameters.

Calculated bioavailability parameters were statistically analyzed by two one sided t test,

using a HP 21S STAT/MATH calculator, and Excel spreadsheet 5.0.

RESULTS AND DISCUSSION

In vitro dissolution

In vitro release, measured using the USP paddle method, is quite similar between

Trental® and the Generic formulations (Figure 2). In vitro release from Trental® is slightly

slower compared to Generic from 0.5 to 12 hours. Trental® released 100% of the labeled

drug content compared to 90% for Generic after 24 hours of dissolution. The closely

related in vitro dissolution curves between the two formulations warranted further

bioavailability studies in humans in order to evaluate the in vivo performance of Generic

relative to Trental®.

Accuracy and Precision of Assay

A typical calibration curve for 1-( 3'- carboxypropyl )- 3,7- dimethylxanthine (CP-

DMX) in drug free urine is presented in Figure 3. The standard curve is linear throughout

the concentration range of 560 to 17.5 µg/ml, with a correlation coefficient of 0.999. A

representative chromatogram of a blank urine sample and an unextracted urine sample

spiked with 56014 CP-DMX and 197 p.g internal standard is illustrated in Figure 4a and

4b. Blank urine samples demonstrated no interfering peaks. Typical retention times of

internal standard and CP -DMX under the described conditions were 12.3 and 14.5 min.,
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respectively. Under the HPLC conditions, there was no interference from endogenous

urine compounds or metabolites of the drug.
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Figure IV.2 In vitro dissolution profiles of pentoxifylline controlled-release caplets.
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The accuracy and precision of the assay were assessed by analysis of urine samples

containing known concentrations of CP-DMX on ten separate occasions. Accuracy of the

assay was evaluated using the spike/recovery method. Observed concentrations were

calculated by refitting the peak height ratios at each spiked standard concentration into the

regression equation derived from the calibration data. The absolute percent deviation at

each spiked standard concentration was calculated by the absolute percentage difference

between the observed and true concentrations. Over the range of 8.75 -280 pg/ml, the

CP-DMX measurements had an absolute percent deviation of 0.30 to 7.96%. Precision of

the assay was measured in terms of a coefficient of variation (CV) among the observed

concentrations at each spiked standard concentration. The coefficient of variation (CV) is

defined as the standard deviation as a percent of the mean. Over the range of 35 to 560

pg/ml, all coefficients of variation were 6.25%, indicating good reproducibility of assay

over this drug concentration range. Precision is less, however, at the lower concentration

of 17.5 pg/ml as observed by a higher coefficient of variation of 12.79% (Table 1).

Table IV.1 Determination of CP-DMX added to blank urine (n=10)

Actual concentration Observed concentration
(mean ± S.D. pg/m1)

Absolute
deviation

(%)

CV
(%)

560 283.34 ± 7.82 1.17 2.76
280 140.42 ± 2.84 0.30 2.02
140 69.15 ± 3.41 1.23 4.93
70 32.42 ± 2.03 7.96 6.25

35 17.46 ± 1.08 0.22 6.18

17.5 9.30 ± 1.18 5.86 12.79

Adverse Effects

In this random crossover study, one subject complained of headache after Treatment

1 (Trental) and two subjects after Treatment 2 (Generic). However, no same subject

reported headache in both Treatments 1 and 2. The incidence of headache reported for
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Trental and placebo in controlled studies were 1.2 % and 1.6% respectively (10). The

incidence of headache was higher in immediate release capsule studies (where high plasma

peak values were related to increases in digestive and nervous system side effects) (11).

Headaches in the current study were probably not due to pentoxifylline because they

occurred at times (16, 6, and 5 hours) after dosing where their corresponding urinary

excretion rates were less than peak urinary excretion rates. At times when headaches

began, urinary excretion rates of CP-DMX for the three subjects were 3.31, 9.81 and 17

mg/h compared to mean peak excretion rates of about 19 mg/h. Since high plasma levels

of drug are related to increased side effects, headaches were probably not caused by

pentoxifylline at times when plasma levels of drug were expected to be less than one-half

of the peak levels.

Bioavailability

Urinary data for excretion of drug provides an indirect method to measure

bioavailability. They are useful indicators of relative rates and amounts of drug being

absorbed from the gastrointestinal tract. In the case of a drug such as pentoxifylline,

which undergoes extensive first-pass metabolism, the following criteria must be

considered in order for estimates to be valid. To assess bioavailability, the metabolite

must be excreted in significant quantities in the urine and complete samples of urine must

be collected. It is necessary to assume that biotransformation of pentoxifylline to

metabolite, CP-DMX, follows first-order reaction kinetics. Subsequently, the cumulative

amount of metabolite excreted in urine is linearly related to the total amount of drug

absorbed (12).

Cumulative mean urinary excretion data of CP-DMX (mg) obtained after

administration of the two products are presented in Figure 5. It was determined that

44.69 % and 45.08 % of the dose were recovered as metabolite CP-DMX, for Trental®

and Generic, respectively. The values are in close agreement with reported literature.

Moreover, total recovery of this metabolite in urine was also similar to that after

intravenous administration (3). A 45 % recovery of pentoxifylline in the urine as

metabolite 5 may therefore be taken as evidence of 100% bioavailability. The mean
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excretion rate of CP-DMX depicted in Figure 6 and expressed as milligrams per hour was

calculated by dividing the cumulative amount of CP-DMX excreted in the urine during a

collection interval by the corresponding time interval. The time point was plotted in hours

and represents the midpoint of time between collection intervals. Mean urinary excretion

rate values after 12 hours were randomly distributed due to high inter-individual variability

and were not used in subsequent analysis. The terminal slopes were estimated from a

linear regression estimate of slope of Ln transformed mean urinary excretion rates of CP-

DMX at time 4.5, 5.5, 7 and 11 for Trental, and 3.5, 4.5, 5.5, 7 and 11 hours for generic.

The slopes were 0.1791 hi' and 0.1809 hi' for Trental® and Generic, respectively. The

relatively similar terminal slope values for Trental® and Generic are expected because the

products have been formulated to have the same slow release and absorption rates. A flip-

flop pharmacokinetic model occurs for slow input dosage forms of short half-life drugs,

and the transfer rate obtained as the terminal slope is an approximation of the absorption

rate constant. The true elimination rate constant for the drug is about 0.433 regardless

of the dosage form, and the data presented here confirm that absorption rates from the

two different dosage forms are essentially equal.

It can be seen that the curves in Figure 6 for averaged data are representative of

individual results by comparing Figure 6 to Figure 7. For all subjects, the terminal phase is

biphasic, indicating 2 different k for absorption. Unfortunately, due to inadequate data

points after 12 hours, estimation of the slower terminal absorption rate constant is not

possible. Mean individuals terminal slopes estimated from linear regression of the Ln

transformed mean urinary excretion rates of CP-DMX at times 4.5 to 10 hours were

0.1813 h-1 and 0.1777h-1 for Trental and generic, respectively. Note that the mean

individual slope values is closely related to the values estimated from Figure 6.

Figure 8 is the outcome of deconvolution results, using urinary excretion rate of CP-

-DMX resulting from an oral aqueous solution as impulse response (13), which converts

to the cumulative urinary excretion rate Vs time into a net cumulative input function. The

y axis in figure 8 is real mathematically but has no physiological meaning. Based on

deconvolution assumptions (14), cumulative excretion rate is directly related to cumulative
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amount of pentoxifylline absorbed. Figure 8 shows that the absorption process is biphasic

which supports the observed 2 different absorption rate constants in Figure 6 and 7.
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Figure N. 5 Average cumulative urinary excretion of CP-DMX after a single dose of
Trental or Test formulation given with standardized breakfast. Key: ()
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Figure IV.7 Representative of 4 individuals' cumulative urinary excretion of CP-DMX
after a single dose of Trental or Test formulation given with standardized
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FDA, Division of Bioequivalence guidelines (15) requires a generic equivalent of an

approved modified-release dosage form be bioequivalent to the standard modified-release

dosage form in its rate and extent of availability (i.e. AUC, Cmax). Currently accepted

criteria in the United States for equivalence for most dosage forms require that mean

pharmacokinetic parameters of the test dosage form be within 80% to 125% of the

reference dosage form using the 90% confidence interval (or, equivalently, the two-sided

test procedure, P = 0.05), and the upper and lower bounds must be within the 90%

confidence interval.

The Two One-Sided Tests procedure is also recommended (16), and consists of

decomposing the interval hypotheses Ho and H1 into two sets of one-sided hypotheses.

Ho]: PT MR 01

1102. PT PR >01

Ho2: PT 02

H12: µR92
The two one-sided tests procedure consists of rejecting the interval hypothesis Ho,

and thus concluding equivalence of µT and PR, if and only if both Hot ,1102 are rejected at

a =0.05. Under the normality assumption that has been made, the two sets of one-sided

hypotheses will be tested with an ordinary one-sided t test. Thus, it will be concluded that

PT and PR, are equivalent (for a balanced study) if

t _ ( ;TT TR) 01

where

s 2
n

tla(u) 12 =
(17, X R)

tl-a(u)
s 2

is the difference between the observed average bioavailabilities of products test
XT XR
and reference products, respectively and s is the square root of the "error" mean square

from the crossover design analysis of variance (17).



120

It is a common practice for Oland 02to be expressed as proportions of the unknown

reference average pa. Using 01= -0.21.1R and 02 = 0.251AR, the interval hypotheses would

be stated as

Ho: µT !IR 0.20pa or Hot: !IT tR 1 0.2511R

H1: -0.4tR <H12: 1-IT µR <0.251AR

which, if pR < 0, may be restated as

Ho µT/pa 0.80 or µT /µR ?. 1.25

H1: 0.8 < µT /µR <1.25

The problem, therefore, is no longer stated in terms of the difference of !AT and 1,1R, but

rather in terms of the ratio pr of 1-LR.

It is deemed appropriate to assume that the statistical assumptions of normality,

homogeneous variance, etc. are satisfied for the logarithmically transformed variables.

This is based on the empirical observation that observed distributions of bioavailability

variables are often skewed, with a long "tail" of higher values (16). If the statistical

assumptions that have been made are in fact true on the logarithmic scale, then the interval

hypotheses, for the -20% and +25% criteria, may be stated as

H0: TIT TIR Ln (0.8) or TIT riR Ln (1.25)

HI: Ln (0.8) < TIT - TIR < Ln(1.25)

where : TIT and riR are the true test and reference means, respectively, of the natural

logarithmically transformed variables. Logarithms to the base 10 or natural logarithms

may be used. Under this circumstance, the two one-sided tests procedure, would be

carried out as before, with Ln(0.8) taking the role of Oland Ln(1.2) taking the role of 02

From the t statistic described in chapter 5, a upper bound and lower bound confidence

interval can be calculated at a = 0.05. Assuming Ln normal distribution of biostudy data,

2 products are declared bioequivalent if confidence interval for µT /µR falls between 0.8 and

1.25. The confidence interval (CI90)for µT /µR can be calculated from the t statistics as

follows:

(Yr YR)
.Si

01
tj_ a( 0)
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Where TT and YR are the means of individual Ln transformed bioavailability parameters for

test and reference products, respectively and S is the square root of the "error mean

square from the crossover design analysis of variance of transformed data. Rearranging

the above equation, gives the lower confidence level (LCL) for TIT /IR as defined in

chapter 4:

LCL for TIT 111Z= YT tl-a S
2
nI I

Taking the exponential of LCL for iT -rbz results in LCL for µT /µR.

Similarly, the upper confidence level (UCL) for TIT - TIR can be calculated from t2:

= 02 (Yr Y:?) > t
2 1-a(o)

J

UCL for TIT - TIR= TR+ ti_a(S 11-2

Taking the exponential of UCL for TIT tiR results in UCL for ptTituR

The assumption was made that the bioavailability/bioequivalence study under

consideration was a balanced crossover study. All the results of two one-sided tests

procedures cited above is equally true for unbalanced crossover studies except for

procedures outlined in Schuirmann's paper, Appendix B (16).

Table 2 summarizes Ln transformed bioavailability parameters of '7 subjects for

Trental and Generic. Based on Ln transformed urinary excretion data, table 3 compares

means of the Ln transformed bioavailability parameters for Trental® and Generic based on

the two one sided t test. Statistical analysis for this unbalanced crossover study shows

that formulation 244 is bioequivalent to Distaclor MR with respect to cumulative amount

of drug excreted and peak excretion rate, the confidence intervals are within the range of

80 and 125% criteria for bioequivalence (Table 3).
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Table N.2 Natural logarithms transformed individual's bioavailability parameters for
Trental and Generic (n=7)

Subjects Ln (Peak excretion rate) Ln (Cumulative CP-DMX excreted)
Trental Generic Trental Generic

Group 1 1 2.793 2.547 5.383 5.109
2 3.323 2.946 5.196 5.130
3 3.532 3.246 5.268 5.340
4 2.919 3.012 5.086 4.952

Group 2 5 3.066 3.500 5.234 5.439
6 3.056 2.609 5.041 5.180
7 3.221 3.082 5.383 5.135

Table IV.3 Means of Natural logarithms transformed and untransformed individuals'
Bioavailability parameters for Trental® and Generic

Parameter Trental Generic S t1 t2

Ln (Peak excretion rate)1 ± 3.13±0.24 2.99±0.34 0.053 3.35 12.34

S.D.2.

Ln(Cumulative CP-DMX 5.23±0.13 5.18±0.16 0.018 19.27 26.24

excreted (mg)3 ± S.D.

Peak excretion rates +S.D. 19.18±5.96 19.32±7.03

Cumulative CP-DMX 178.76± 180.33+

excreted (mg)6 ± S.D. 29.63 29.63

c/904

0.83 - 0.93

0.95 - 0.99

Mean of individuals' Ln(Peak urinary excretion rate)
2 SD is the standard deviation calculated using the "n-1" method, the formula is iE x2 -ni2

\ n-1
where n=7

3 Mean of individuals' Ln(cumulative CP-DMX excreted in urine in 24 hours)
90% Confidence intervals for ratio of true mean of bioavailability parameter for Generic
244 to Trental data as the 'standard' based on 2-one-sided t test. Conclude
bioequivalence if CI is between 0.8 and 1.25.

5 Mean of individuals' Peak urinary excretion rate
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CONCLUSIONS

The HPLC assay described here has a high accuracy and sufficient sensitivity to

detect low metabolite concentrations using small volumes of unextracted urine. The assay

is rapid, simple, and circumvents the cumbersome processes of extracting large urine

volumes.

In vitro release for the two products is closely related up to 24 hours. Preliminary

pharmacokinetic analysis of Generic in comparison to Trental® shows that there is no

significant difference in extent of absorption and time to peak between the two

formulations using two one-sided tests procedure. It is therefore concluded that the test

and reference products are bioequivalent. Based on the data obtained, it is therefore

recommended that a sufficient quantity of the Generic formulation be produced

commercially for further evaluation.

6 Mean of individuals' cumulative CP-DMX excreted in urine in 24 hours
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CHAPTER V

MANUFACTURING AND FORMULATION VARIABLES IN DEVELOPMENT OF

ORAL CEFACLOR SUSTAINED-RELEASE DOSAGE FORMS
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ABSTRACT

A new mathematical model for development of controlled release formulations of a

water soluble drug was used to computer predict a spectrum of possible product

formulations, and then used as a basis for selecting and fabricating three formulations

containing cefaclor and hydrophilic polymers with the desired in vitro dissolution profiles.

A broad understanding of dissolution characteristics from the formulations was achieved

by evaluating the effects of some important formulation parameters such as pH-stability

profiles, drying conditions, aging of granules, granule storage conditions, slugging load,

and granule size on dissolution of drug from compressed caplets, prepared from wet or

dry granulation. Dissolution of caplets prepared by wet granulation show that stability and

release are affected by aging of granules, storage conditions and granule size.

Compression load, however, has no effect on drug release rate. Caplets prepared by

precompression (slugging), on the other hand, showed neither significant degradation of

drug nor changes in dissolution rate with aging of granules. Slugging load does affect

dissolution of cefaclor. Increasing coating with a water soluble polymer up to 8.6% by

weight on the hydrophilic matrix core reduced drug release rate slightly. Further increase

in coating has little effect on dissolution rate.
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INTRODUCTION

Cefaclor, 3-chloro-7-D-(2-phenylglycinamido)-3-cepham-4-carboxylic acid, a broad

spectrum semi-synthetic cephalosporin, is used effectively in the treatment of various

infections. Following oral administration of immediate release cefaclor tablets, the drug is

extensively absorbed (90-95% of the drug is absorbed in fasting subjects) and rapidly

excreted unchanged in the urine. The drug has an elimination half-life of 0.75 hours and

immediate release tablets are administered three times daily (1). Patient compliance and

therapeutic outcome are often improved with controlled release drug formulation which

requires less frequent dosing and cefaclor is now available in Europe as Distaclor® MR.

Distaclor® MR is reported to be effective with only twice daily dosing as a result of being

formulated to provide extended controlled release of drug.

Studies previously conducted at the College of Pharmacy, Oregon State University (with

pentoxifylline), have shown that drug dissolution patterns were influenced by hydroxypropyl

methylcelkilose (HPMC) and polyvinylpyrrolidone (PVP) concentrations. An empirical model

has been developed in our laboratory to describe drug release as a function of HPMC and PVP

concentrations for pentoxifylline. Through computer simulations, a spectrum of in vitro

pentoxifylline dissolution profiles was derived and shown to be accurately predicted. These

equations which predicted pentoxifylline dissolution profiles were used as a basis for selecting

and fabricating sustained release cefaclor formulations which were predicted to most likely

produce desired in vitro dissolution profiles. Subsequently, the in vitro dissolution data

generated were utilized in modification of the initial cefaclor formulations to obtain a

formulation with a dissolution profile very closely related to that of Distaclor® MR.

The scope of this study can be classified into four broad categories:

1. Assess the stability of cefaclor in solution as a function of pH, which is a necessary part of

assay development. An HPLC assay was developed to quantitatively measure drug

concentrations over time.

2. Generate computer simulation of in-vitro drug release of cefaclor based on application of

previous pentoxifylline research. Modify and re-evaluate formulations based on initial

results.
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3. Investigate the effects of formulation parameters such as drying conditions, aging of

granules, granule storage conditions, and granule size on dissolution of drug from caplets

prepared by wet granulation.

4. Examine effects of caplet formulation and processing variables such as aging of granules

and precompression load on dissolution of drug from caplets prepared by precompression

(slugging).

One of the outcomes of this project will be development of a new sustained release

cefaclor formulation that is generically equivalent to a marketed product, Distaclor® MR (Dista

Products Limited, Dextra Court, Chapel frill, Basingstoke, Hampshire). Distaclor® MR tablets

contain the following ingredients- mannitol, methyl hydroxypropyl cellulose, hydroxypropyl

cellulose, methyl acrylate acid copolymer, stearic acid, magnesium stearate, propylene glycol

and color E 132 (2). Currently, there is no commercial oral sustained release cefaclor

formulation available in the United States.

MATERIALS AND METHODS

1. Cefaclor (Biocraft, Fairfield, NJ lot F2605, F1776)

2. Methocel® (Hydroxypropyl methylcellulose) K100LV, premium grade (Dow

Chemicals, Midland, MI)

3. Polyvinylpyrrolidone, MW 40 000, special grade (Aldrich Chemicals, Milwaukee,

WIS)

4. Magnesium stearate, NF (Mcllinckrodt, Paris, KY)

5. 7-0-hydroxypropyl theophylline (Sigma Chemical Co., St. Louis, MO)

6. OPADRY® YS-5-18141 (Colorcon, West Point, PA)

Stability studies

To assess the pH stability profile of cefaclor, drug in unbuffered deionized water

was examined in the following pH solutions: pH 2.59, 4.47 and 7.37 (pH adjusted with

glacial acetic acid or 6 M sodium hydroxide). Cefaclor samples were prepared at 3.75
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mg/ml, and diluted to 37.5 µg/ml (100x dilution) in pH adjusted deionized water. Each

set of cefaclor samples was diluted with an equal volume of internal standard, 7-13-

hydroxypropyl theophylline (130 pg/m1), at the same pH. Samples were assayed using

HPLC with an autosampler during storage for up to 100 hours compared to standard

solutions prepared in deionzed water (pH adjusted to 4.5) at concentrations of 2.34 to 75

µg/ml. All samples were stored at room temperature throughout the study.

Chromatography
This assay method is a modification of the method published by Nahata (3). The mobile

phase is methanol in deionized water (20:80), pH adjusted to 4.0 with glacial acetic acid. The

flow rate is 2.0 mil/minute. A model M45 pump (Waters Assoc.) is coupled via a 710B WISP

autosampler (Waters Assoc.) to a column, 8 tm Octadecyl RP 25 cm x 4 6 mm column, and a

5 pm octadecyl guard column cartridge. Absorbance of the column eluent is measured at 254

nm with a model 440 UV detector (Waters Assoc.).

Preparation of solid dosage form

I. Direct Compression
Table 1 serves to illustrate the preparation of cefaclor formulations prepared by direct

compression. The drug was premixed with PVP and HPMC for 5 minutes in a beaker with

a metal spatula. Magnesium stearate was added last to the powder mixture and mixed for

an additional 2 minutes. The die was filled manually with the powder mixture and

compressed at 5000 lb. using a Hydraulic Laboratory Carver Press (Fred S. Carver Inc.

Summit, New Jersey).
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Table V.1 Composition of experimental cefaclor caplets prepared by direct
compression

Formulations HPMC PVP Mg. stearate cefaclor Weight of one caplet
(mg) (mg) (mg) (mg) (mg)

10% HPMC 43.10 8.62 4.31 375 431.03
15% HPMC 68.60 9.15 4.57 375 457.32
20% HPMC 97.40 9.74 4.87 375 487.01
25% HPMC 130.21 10.42 5.21 375 520.83
30% HPMC 167.91 11.19 5.60 375 559.70
40% HPMC 263.16 13.16 6.58 375 657.89

II. Wet Granulation
Granules A, B and C containing and cefaclor and polymer were prepared. Table 2

summarizes the composition and percentage of various ingredients in these granules.

Granulating solution (10% PVP solution) was added gradually to cefaclor and HPMC

powder mixture, with kneading. Additional deionized water (pH adjusted to 2.5 with

glacial acetic acid) was blended thoroughly into the mass by a spatula in a small beaker.

Cefaclor is reported to have maximum stability at pH 2.5 to 4.5 (4). The resulting wet

dough was pushed through a disposable syringe (without needle attachment) and the wet

"noodles" were collected on a compounding slab. The noodles were spread and dried in

the oven at 40°C, or under vacuum at room temperature overnight. The dried "noodles"

were then reduced in size with a mortar and pestle and the resulting granules separated

into desired size fractions by sieving. Granules were coarse and non-spherical Granules A,

B and C were then combined in various proportions to produce variations in dissolution

profiles. Different combinations of granules were gently but thoroughly mixed in

appropriate proportions. Mixing was accomplished by placing weighed granules on a

piece of cloth held by its four corners and alternately lifting two corners of the cloth at a

time, thereby gently mixing granules through tumbling and rolling motions. Granules were

also moved with a spatula occasionally to assure thorough mixing. Magnesium stearate

was then added to the granules and gently mixed for an additional 2 minutes. The die was

filled manually with the granulation blend and compressed at 5000 lb. using a Hydraulic

Laboratory Carver Press (Fred S. Carver Inc Summit, New Jersey). Upon compression,
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elegant caplets were produced with no observable sticking or capping. An example

illustrating the composition of a single caplet containing a blend of A, B, and C granules at

18, 39 and 41 % respectively, is presented in Table 3.

Table V.2 Percentage of various ingredients in different granules prepared by wet
granulation (without magnesium stearate)

Granulation
designation

HPMC (%) PVP (%) cefaclor (%)

A 10 2 88
B 15 2 83
C 20 2 78

Table V.3 An example of composition of one compressed cefaclor caplet

Granulation designation Formulation 244 (mg) Formulation 244 (%)

A 85.34 18.39
B 181.10 39.04
C 192.86 41.57

Magnesium stearate 4.64 1.00
Total weight of one caplet 463.94 100

HPMC in 1 caplet 16.2

III. Precompression (slugging) Method (1)

Carefully weighed HPMC, cefaclor, and PVP powder were placed in a beaker and

mixed thorougJily with a spatula for at least 5 minutes using compositions as shown in

Table 2. That is, granules were made for composition A, composition B, and composition

C. The dry powder mixture was then compressed into slugs, each weighing about 1 gm,

using a hydraulic Laboratory Carver Press and a set of flat-faced punches, 3/4" in

diameter. Slugs were subsequently crushed using a mortar and pestle into uniform size

granules, and granules were separated into desired size fractions by sieving. Only those
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granules that are 20-60 mesh sieve size were used for recompression. Amounts of the

different granulations (A, B and C) were mixed gently but thoroughly as described before

and magnesium stearate was added and mixed well before recompression. Quantities of

mixture necessary to make a single caplet are the same as prepared by wet granulation.

Thus, table 3 also shows the formula for a single compressed caplet using slugged

granules.

Precompression Method (2)

Carefully weighed HPMC, PVP and cefaclor were mixed in a beaker (composition

as shown in Table 4) The difference between method 1 and 2 is in the order of mixing.

Unlike method 1 where granulations A, B and C were made separately and combined

before recompression, method 2 combines all ingredients in the powder form first,

followed by slugging, crushing and recompression into caplets. Otherwise, the same

procedures for preparing caplets were used as described in method 1.

Table V.4 Composition of experimental cefaclor caplets prepared by precompression
method (2)

Product

designation

HPMC (%) PVP (%) Mg. stearate
(%)

Drug (%) Wt. of one

caplet (mg)

5%HPMC 5 2 1 92 418.5

10%HPMC 10 2 1 87 442.5

12%HPMC 12 2 1 85 452.9

14%HPMC 14 2 1 83 463.9

16.2%HPMC 16.2 2 1 82 476.9
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Caplet coating

Caplets were coated with OPADRY® in water. Caplets were coated in a modified

"pop" bottle connected to a compressed air spraying nozzle. Figure 1 is a schematic diagram

of the coating apparatus and the coating conditions are as follow:

Spray Apparatus:

Delivery system

Delivery Rate

Drying air

Atomization air pressure

Tablet charge

Coating formulation

OPADRY

Deionized water

"pop" bottle (Figure 1)

0 8 mm nozzle

Rabbit Peristaltic pump

less than 1 ml/min

35°C'

30-35 psi

3 to 10 caplets

Quantity

15 g

100 ml

This system allows coating of very small numbers of tablets of experimental testing.

Temperature is regulated by a hair dryer place above the coating apparatus and
temperature is monitored periodically with a thermometer.
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O
In1U Tablet

Plastic 2 liter
soda pop bottle

Spray nozzle from a
fluidized bed coater

coating solution
Compressed air

Figure V.1 Schematic diagram of spray coating apparatus
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Dissolution studies

Dissolution tests were conducted the next day after caplets were prepared (unless

otherwise stated) according to the USP XX II paddle method at 37°C at 75 rpm.

Dissolution media consisted of 900 ml simulated gastric fluid (without enzymes) for 2

hours, then 900 ml deionized water (pH adjusted with glacial acetic acid to 4.5) for the

next 22 hours. Samples were collected at 0.5, 1, 2, 2.5, 3, 4, 5 and 6 hours with

replacement of equal volume of media. Samples were assayed against a standard in the

concentration range of 10 to 37.5 p.g/nal at 254 urn using a HP Model 8452A diode array

spectrophotometer

Quantification

Data were analyzed by macro programs in Excel 5.0 spreadsheet. For HPLC analysis,

peak height ratios of drug to internal standard were used to quantify cefaclor using a standard

curve prepared on the same day. Typical retention times of cefaclor and internal standard

under the above conditions were 8.2 and 9.1 minutes, respectively.

RESULTS AND DISCUSSION

Stability studies

Cefador is a reasonably stable molecule in the dry state. When cefaclor is present in the

monohydrate crystalline form as a dry powder, two years stability can be easily obtained. The

powder becomes lightly yellow upon aging, but little decrease in potency of cefaclor is

observed (5).

Stability of cefaclor in unbuffered water (pH 2.59, 4.47 and 7.37) at 25°C is depicted in

Figure 2. After storage for 100 hours at 25°C, cefaclor unbuffered solutions in pH = 2.59

solutions contained 93% of initial drug, unbuffered pH =4.47 solutions contained 77% intact

drug, and unbuffered pH = 7.37 solutions contained 26% intact drug. Final pH of solutions

after 100 hours was 2.63, 4.76 and 6.33, respectively. Foglesong and associates reported that

cefaclor is stable in solution of pH not higher than 4.5; solutions prepared in pH 2.5 and 4.5

buffers contained at least 90% of their initial activity after 72 hours at 40°C. In neutral or
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alkaline solutions, cefaclor undergoes a rapid loss of activity. Loss of activity was accelerated

by storage at higher temperatures (4). Dimitrovska, et. aL reported that cefaclor is most stable

between pH = 2 - 4 and undergoes specific acid catalyzed degradation below pH = 2. In

neutral and basic pH, mainly intramolecular nucleophilic attack is observed (6). As a result of

instability of cefaclor in alkaline conditions, deionized water (pH = 4.5) instead of simulated

intestinal fluid (pH = 7.4) was used as dissolution medium in all subsequent dissolution studies.

Computer prediction of dissolution

Previously, the authors have studied the effects of HPMC and PVP with respect to

concentrations, particle size and viscosity as well as tablet shape and compression load on

in vitro release of a water soluble drug (pentoxifylline). This work led to computer

simulations of dissolution profiles of pentoxifylline caplets as a function of HPMC and PVP

concentrations (please refer to Appendix A). Extending the pentoxifylline dissolution model to

cefaclor formulations, resulted in prediction that cefaclor formulations containing 25% HPMC

(K100LV), 2% PVP, and 1% magnesium stearate compressed into a caplet would be most

likely to have a dissolution profile similar to that of Distaclor® MR (see solid lines in Figure 3).
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L Formulation and Model Testing (Direct Compression)

This experiment assesses the actual versus the predicted dissolution profiles of directly

compressed cefaclor caplets containing varying amounts of Methocel K 100LV (Composition

as shown in Table 1). As shown by the experimental data dots versus the solid prediction lines

in Figure 3, simulated dissolution profiles based on a pentoxifylline model overestimated the

dissolution rates of cefaclor at all concentrations of Methocel KlOOLV tested. This could be

due to differences in physical-chemical properties between pentoxifylline and cefaclor.

Pentoxifylline is about seven times more soluble in water than cefaclor (7). With decreased

solubility of cefaclor relative to pentoxifylline, the time of dissolution is extended as reflected by

a slower dissolution rate of cefaclor from the formulations than predicted based on

pentmdfylline modeL There is, however, good agreement in the shape of dissolution profiles

between predicted and experimental, thus indicating the usefulness of this simulation model as a

starting point in development of oral sustained release formulations. Further study with other

drugs should allow introduction of a solubility term into the models as a drug specific

parameter.

Since caplets containing 20, 25, 30, or 40% HPMC release drug slower than Distaclor®

MR, additional direct compressed cefaclor caplets containing less (10 and 15%) HPMC were

made (composition as shown in Table 1). Figure 4 compares the dissolution profiles of

Distaclor® MR to all direct compressed cefaclor test caplets, including those in Figure 3. While

these products have dissolution profiles which are likely to result in good sustained release,

none of the test caplets satisfactorily mimics the dissolution curve of Distaclor® MR All of

test caplets, except for those containing 10% HPMC, release drug slower than Distaclor® MR

Distaclor® MR releases drug steadily for the first three hours, then slowsto a plateau at 4

hours. Cefaclor with 10% HPMC shows more rapid dissolution than Distaclor® MR during

the first 3 hours. Formulations with 15% HPMC initially release drug faster (up until 0.5

hours), and then the release slows considerably compared to Distaclor® MR Although good

controlled release is obtained with caplets containing 20, 25, 30 or 40% HPMC, the exact

shape of Distaclor® MR is not matched by the traditional mixing and compressing of HPMC,

PVP and Cefaclor.
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Figure V.4 Effect of Methocel K100LV concentration on dissolution rate of cefaclor in
direct compressed caplets compared to standard, Distaclor® MR, 375 mg.
Key. () 10% HPMC; (0)Distaclor® MR; (0) 15% HPMC; (III) 20% HPMC;
(A) 25% HPMC; (A) 30% HPMC; () 40% HPMC.
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IL Wet granulation

Since none of the direct compressed caplets, containing varying concentrations of

Methocel K100LV, satisfactorily mimics the drug release profile of Distaclor® MR (Figure 4),

an alternative approach was considered. In vitro dissolution shows that 10% HPMC

formulation releases drug much faster than Distaclor® MR, whereas 15 and 20% HPMC

formulations release much slower. It was proposed that the 10% HPMC, 15% HPMC and

20% HPMC formulations be prepared separately by wet granulation and the resulting granules

(A, B and C) be mixed in an appropriate proportion. The theory here is that each set of

granules will retain its own dissolution behavior and an appropriate blend of different sets of

granules can be used to give a tailored or designed sustained-release pattern which, in this case,

will be closely related to Distaclor® MR. Experience with HPMC in our lab has shown that the

method of preparation, whether it is by wet granulation or direct compression, did not

significantly affect dissolution characteristics of caplets. This is in agreement with work by

Alderman who reported that HPMC sustained-release matrix tablets can be made by direct

compression or through conventional wet granulation methods without affecting the

dissolution profile (8). Additionally, granulation can be used to improve flow of the powders.

To select an appropriate blend of granules, it is assumed that the cumulative percentage

of in vitro release at any time point is the sum of release contributed by each set of granules,

and the percentage release contributed by each different set of granules is proportional to the

percentage of each granulation present in the final formulation. The total predicted release

from the final dosage form at any given time will therefore be the sum of the individual

amounts released from each granule set. A general equation to describe the predicted release is

presented below:

3 Rt., x A T
(F), =

100

where

F = Predicted cumulative in vitro percent release at time = t

= Experimental cumulative % release by i granulation at time = t

= % contribution of i formulation in final compact

(1)
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Table V.5. A numerical example of equation 1 at time = 1 hour

i granulation R x N.

100

A 65.34 20 13.07

B 30.84 40 12.33

C 26.37 40 10.55

3 R xNit=i,i

i=1 100

35.95

Through computer simulation, a spectrum of predicted dissolution profiles from

proposed cefaclor formulations with multiple combinations of granules A, B and C was

obtained (Table 6). From the predicted release profiles, formulations 244 and 334 were

selected for further testing because of their comparative dissolution profiles to Distaclor® MR.

Figure 5 depicts dissolution of cefaclor in compressed caplets prepared by wet granulation.

Granules prepared were 8-12 mesh in size and compressed under a load of 5000 lb. There is

no significant difference in dissolution rate between formulation 244 and 344. Comparatively,

both 244 and 344 caplets show slightly faster dissolution than Distaclor® for the first 3 hours.

The total cumulative amount of drug released from these caplets is about 3-5% less than

Distaclor® MR, which could be due to loss and/or degradation of drug during granulation.
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Figure V.5 Effect of granulation composition on dissolution rate of cefaclor in compressed
caplets prepared by set granulation (8-12 mesh particle size) Key: ()
Distaclor® MK; (A) Caplet 244; (0) Caplet 344.



Table V.6 Spectrum of simulated dissolution profiles from cefaclor formulations with multiple combinations of granules A, B and C.

Time Formula'
(h)

235 253 244 325 334 415 424 433 514 523 532 541 Distaclor

0.5 23.65 23.74 23.69 26.70 26.74 29.74 29.79 29.83 32.83 32.88 32.92 32.96 13.53
1 35.51 36.40 35.95 38.96 39.40 42.41 42.85 43.30 46.31 46.75 47.20 47.64 27.82
2 54.03 54.37 54.20 57.50 57.67 60.97 61.13 61.30 64.60 64.77 64.94 65.10 54.80
2.5 63.12 63.95 63.54 65.60 66.01 68.07 68.49 68.90 70.96 71.38 71.79 72.21 71.88
3 70.61 71.63 71.12 72.34 72.85 74.07 74.58 75.09 76.31 76.82 77.33 77.84 88.25
4 80.59 82.80 81.69 80.96 82.07 81.34 82.44 83.54 82.81 83.92 85.02 86.13 96.61
6 93.61 93.87 93.74 92.73 92.85 91.84 91.97 92.10 91.09 91.22 91.35 91.48 96.92
8 95.88 95.21 95.55 95.08 94.74 94.27 93.93 93.60 93.13 92.79 92.45 92.12 100.29

10 91.43 92.19 91.81 90.40 90.78 89.38 89.76 90.13 88.73 89.11 89.49 89.86 99.57
12 91.32 92.25 91.78 90.65 91.11 89.98 90.44 90.91 89.77 90.24 90.70 91.16 99.08
16 91.33 92.04 91.69 90.74 91.10 90.15 90.50 90.86 89.91 90.27 90.62 90.98 99.60
24 89.63 90.90 90.26 89.03 89.66 88.43 89.06 89.70 88.46 89.10 89.73 90.37 99.22

Name of formula indicates percent of each set of granules present in caplet. For example Formula 244 means formulation
contains about 20, 40 and 40% of granules A, B and C respectively. After magnesium stearate and 10 mg of extra cefaclor is
added to the formulation, the final percentage of A, B and C granules in compressed caplets deviates slightly from 20, 40 and
40%. 17:

(J1
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Ha. Drying conditions and drug stability

Experiments were designed to study the effects of drying conditions on the stability of

drug contained in compressed caplets. Cefaclor "noodles" were prepared by wet granulation as

described previously and divided into 3 portions to thy under 3 different conditions: (a) dried

for 2.5 hours in an oven maintained at 40°C; (b) dried overnight in an oven maintained at 40°C;

(c) dried in a vacuum oven at room temperature (23°C). Formulation 244 was used and

caplets were made and analyzed for drug content the next day. Distaclor® was also analyzed

for comparison, no special drying condition was used. Distaclor® was stored at room

temperature in its' unit dose aluminum blister package until analysis.

Table 7 summarizes the amount of drug recovered from cefaclor caplets prepared under

different drying conditions. Results show that cefaclor was least stable when "noodles" were

dried in the oven at 40°C. Vacuum drying at room temperature offers a slightly increased

stability over oven drying. To minimize drug degradation, all subsequent granules were dried

under vacuum at room temperature.

Table V.7 Amount of drug recovered from cefaclor caplets under different drying conditions

Drying conditions Drug added
(mg)

Drug recovered % drug lost
(mg)

Control - Dry cefaclor powder 375.00 374.67 0.09
Vacuum at room temperature 375.00 366.57 2.25
Oven at 40°C for 2.5 h 375.00 357.59 4.64
Oven at 40°C overnight 375.00 360.97 3.74
Distaclor® MR 375.00 374.30 0.19

Hb. Effect of granule size and drug overloading

To compensate for drug loss and/or degradation during wet granulation, each test caplet

is overloaded with 10 mg of cefaclor in all subsequent formulations (10 mg overloaded in

granules C). Figure 6 compares dissolution of cefaclor from formulation 244 caplets made

from granules of 8-12 mesh and 20-28 mesh particle sizes with 10 mg drug overload. Results

show that caplets containing smaller size granules release drug at a slightly slower rate than
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larger size granules, which could be due to difference in compaction between the different size

granules. There is less void space between smaller granules which in turn may increase

the contact between the granules with improved compaction. Higher compaction can result in

a tighter interlocking matrix which may explain the slower dissolution from compacted smaller

size granules. Additionally, the smaller particle size may allow the caplet to hydrate rapidly,

forming a gel barrier on the surface of the caplet, thereby slowing the drug release (9).

The release rate of drug from caplets containing smaller size granules parallels that of

Distaclor® MR, except for the first half-hour where release rate is faster for formulation

244 caplet. Distaclor® MR is film coated and film coating can be used to delay release

from formulation 244 during the first half hour if necessary.
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Figure V.6 Effect of granule size on dissolution rate of cefaclor in compressed caplets
prepared by wet granulation with 10 mg drug overload. Key: (A) 244 Caplet
(20-80 mesh); () Distaclor® MR; (0) 244 caplet (40-60 mesh)
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Ile. Effect of aging of granules

An experiment was designed to evaluate the effect of aging on the dissolution profile of

drug contained in compressed caplets. Cefaclor granules were prepared by wet granulation

and stored at room temperature (i) in a closed glass vial or (ii) on open petri dishes. Caplets

244 were made from these granules at 1, 3 and 5 weeks after storage. Dissolution tests were

performed the next day after caplets were made. Figure 7 shows that dissolution changed

significantly with granule age, for all storage conditions. Similar effects of aging on dissolution

was observed by Levy, et. aL on salicylic acid (10). The total amount of drug released

decreases with granule age, indicating that drug is lost through degradation over time.

Dissolution studies show that the total percentage drug recovered at 10 hours were 98, 92 and

95% after 0, 1, 3, and 5 weeks storage in open petri dish, respectively. And 98, 92 and 95%

after 1, 3 and 5 weeks storage in a closed vial respectively.

Effect of tableting load

Cefaclor 244 caplets made from granules prepared by slugging were compressed at

3000, 5000 and 7000 lb. Figure 8 shows that the dosage form is robust and that compression

load has no effect on dissolution.

Precompression Method 1 (slugging)

Figure 9 shows that the dissolution profile of formulation 244 caplet containing mixtures

of granules, prepared by dry granulation, superimposes Distaclor® MR. for the first 2 hours, but

slows down slightly, but non-significantly, after change over from simulated gastric fluid to

deionized water (pH adjusted to 4.5) dissolution medium.. To examine the effects of aging of

granules on dissolution rate of drug in caplets prepared by precompression, granules were

stored in an open petri dish and made into caplets after 1, 2 and 5 weeks of storage. Results

show that storage time has no effect on dissolution rate or total amount of drug release from

caplets containing these granules. Thus, precompression or slugging is preferred to wet

granulation because the drug did not show degradation with the former.
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Figure V.7 Effect of storage condition and granule age on dissolution rate of cefaclor in
compressed caplets prepared by wet granulation. Key: () 0 week; (I) 1

week (closed); (0) 1 week (open); (I) 3 weeks (closed); (0) 3 weeks; ()
5 weeks (closed); (0) 5 weeks (open)



120

a)
(i)
cu loo
a)
2
0, 80
2

c*D 60

a)>
fis, 40

=
E 20=0

4 5 6

Time (h)
9 10

151

Figure V.8 Effect of compression load on dissolution rate of cefaclor in compressed
caplets (formulation 244) prepared by wet granulation. key: () 3000 lb.; (A)
5000 lb.; () 7000 lb.
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Figure V.9 Effect of granule age on dissolution rate of cefaclor in compressed caplets
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Mb. Precompression method 2

To compared precompression method 1 and 2, figure 10 shows the dissolution profile of

formulation 244 (16.2% HPMC), prepared by 2 different methods of mixing ingredients,

described. The figure shows that there is no significant difference in dissolution between

caplets containing granulations prepared by the 2 different methods of mixing ingredients.

Precompression method 2 is preferred to method 1 because the preparation procedures for the

former is simpler and resulting caplets have the same dissolution pattern when compared to

caplet 244, prepared by precompression 2. Precompression method 2 was therefore used for

all subsequent formulations tested. Despite the closely related dissolution profiles between

Distaclor® MR and caplet 244 in vitro, biostudy (Chapter VI) shows that caplet 244 releases

drug slower than Distaclor® MR and and the two products are not bioequivalent in vivo. Thus,

modification to formulation 244 is necessary to obtain a product that is bioequivalent to

Distaclor® MR . Since caplet 244 (16.2% HPMC) releases drug slower than Distaclor® MR,

the next reasonable step is to reduce the amount of HPMC in the formulation and to investigate

a possible in vitro-in vivo correlation.

Effect of coating with OPADRY®

A hydrophilic , hydroxypropyl cellulose based coating formula (OPADRY, YS-5-18141)

was used as a film coat. The amount of coating applied on caplets, however, has little effect

on drug release rate. This is shown in figure 11 where 4 coating runs were performed on 5%

HPMC caplets at 0%, 4.7%, 8.6%, 16.8% and 20.8% OPADRY under identical coating

conditions; the results showed increasing the percent of coating up to 8.6% reduced drug

release rate slightly. Further increase in coating level has little effect on drug release rate. The

non-uniformity of the coat which resulted from early trials with the "pop bottle" coater could

have contributed to a high degree of variation in drug dissolution observed among the three

replications (SE = ± 20%).

Caplets containing 5% and 12% HPMC (composition as shown in Table 4) were coated

with OPADRY at 9% and 8.9% respectively. Figure 12 shows that caplets coated with

OPADRY showed more constant and slightly slower release rates than their respective

uncoated caplets.
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5%, 10%,12% and 14% HPMC (composition listed Table 4) were coated with

OPADRY and the caplets' percent increased in weight after coating were 9%, 6.4%, 8.9% and

6.9% respectively. Figure 13 shows the expected results that increasing HPMC concentration

generally decreased release rate from coated cefaclor caplets. The dissolution profile of coated

12% HPMC formulation mimics Distaclor® MR closely.
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Figure V.11 Effect of coating with OPADRY: dissolution of cefaclor from coated and
uncoated caplets containing HPMC. Key: () uncoated 5% HPMC;
(U) coated 5% HPMC; (0) uncoated 12% HPMC; (II) coated 12% HPMC
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Effect of applied OPADRY on the release of cefaclor from hydrophilic matrix
cores containing 5% HPMC k100LV. Key: (0) uncoated; (A) 4.7% wt. gain;
(0) 8.6% wt. gain; (A) 16.8% wt. gain; () 20.8% wt. gain
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Ma. Effect of precompression (slugging) load

Caplets 244 were prepared from granules made from slugs compressed separately at

2000 and 3000 lb. As shown in figure 14, dissolution rates of drug from caplets decrease

slightly with increasing precompression weight. With increasing precompression weight, a

stronger bonding of granular structure is expected and thus a decrease in dissolution rate.

Preliminary investigation shows that varying precompression load has an effect on dissolution

rate of caplets and therefore should be taken into consideration during manufacturing. The

dissolution behavior in response to precompression (slugging) load, however, is complex and

is not thoroughly investigated in this study.
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Figure V.14 Effect of slugging weight on the release of cefaclor from hydrophilic matrix
cores containing 16.5% HPMC-100LV. Key: (D) 2000 lb.; () 3000 lb.
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CONCLUSIONS

Caplets prepared by direct compression with varying amounts of Methocel K 100LV did

not dissolve as predicted using an empirical model developed for pentoxifylline. Modification

to include drug solubility will occur after further formulation research with several drugs.

Initial formulation did not result in satisfactory mimicking of the dissolution profile of

Distaclor® MR. An alternative approach of mixing granules of varying formulations, prepared

either by wet granulation or precompression, was developed and did produce a desired in vitro

dissolution profile. Results of this study indicate some of the parameters to be considered in

caplet formulation and processing which may influence drug release rate. Dissolution of

caplets prepared by wet granulation shows that release rate is affected by aging of granules,

storage conditions and granule size. Compression load, however, has no effect on release rate.

Caplets prepared by a precompression (slugging) method, on the other hand, showed no

apparent degradation with aging of granules. Results also show that release rate decreases

with increasing precompression load which could be due to increasing bonding of granular

structure. Coating the hydrophilic core matrix caplet with OPADRY up to 8.6 % weight gain

reduced the dissolution rate of cefaclor from caplets. Further increases in OPADRY coating

level, had little effect on drug release rate.

The desired dissolution profile of drug can be obtained by mixing granules of different

compositions. Drug dissolution was found to be the sum of contributions made by each set of

granules. This study has successfully developed a caplet (formulation 244) that satisfactorily

mimics the dissolution profile of Distaclor® MR The caplet contains a mixture of granules,

prepared either by wet or dry granulation, with 10 mg of drug overload. Precompression is

preferred to wet granulation in making the generic caplet because no apparent drug

degradation is observed in the former. Preliminary bioequivalence and evaluation studies have

been initiated using the 244 formulation.
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CHAPTER VI

PRELIMINARY PHARMACOIGNETIC ,BIOAVAILABILITY, AND IN VITRO-IN

VIVO CORRELATION OF CONTROLLED RELEASE FORMULATIONS
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ABSTRACT

Pharmacokinetics and bioavailability of cefaclor were determined and compared in

healthy adults after administering, on separate days, a single dose of 3 generic

formulations and Distaclor® MR. Generic formulations consist of hydrophilic polymer,

binder, lubricant and cefaclor. Urine samples were collected for 24 hours post dosing, and

concentrations of cefaclor determined using HPLC. About 70% of drug is recovered after

oral administration. No metabolite was isolated in urine. Based on the mean urinary

excretion rates of cefaclor and total amount of drug excreted, there is a significant

difference in extent of absorption and time to peak between the generic formulations and

standard. Convolution/ deconvolution was used as a tool for correlating in vitro and in

vivo drug availability for all formulations. A useful correlation between in vitro drug

release and in vivo drug absorption was developed which may be useful in assuring that

each batch of the same formulation will perform identically in vivo.
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INTRODUCTION

Cefaclor is a cephalosporin antibiotic available for oral administration. It is and

displays excellent activity against Haemophilus influenzae and Moraxe lla catarrhalis, in

addition to bacterial pathogens typically susceptible to first generation cephalosporins.

These antibacterial characteristics have made cefaclor useful in management of infections

of the lower and upper respiratory tracts, the urinary tract, and the skin and skin structure,

particularly among outpatients (1). Clinical studies have shown that a 10-day course of

cefaclor AF (a sustained release formulation by Lilly Research Laboratories), given in

doses of 375 mg twice daily, demonstrated equivalent efficacy to immediate release

cefaclor (250 mg three times daily) in treatment of streptococcal pharyngitis; and acute

bronchitis caused by S. pneumonia, H. influenzae or M catarrhalis (2, 3). Studies by

Casali, et. al. showed that cefaclor AF (750 mg twice daily) has a safety and efficacy

profile comparable to that of regular cefaclor (500 mg three times daily) in the treatment

of community acquired pneumonia of mild to moderate severity (4). Cefaclor AF also

appears to be as effective and safe as cefaclor in the treatment of skin and skin-structure

and offers the advantage of twice daily administration (5).

Following administration of immediate release cefaclor, excretion into the urine is

rapid. 38 to 54 percent of the dose is detected in the urine in the first two hours after

administration (6). After eight hours, 43 to 79 percent of the drug is found in the urine.

These studies indicate that about 85 percent of the drug is excreted unchanged into the

urine (7, 8). Whether cefaclor is metabolized in the body or natural degradation occurs is

unknown, but no pathway has been determined and no other compound has been isolated.

The conventional immediate release cefaclor formulation has a short biological half-life of

approximately 0.6-0.9 hour, and is administered three times daily (6,9). An acceptable

cefaclor sustained release formulation will slow drug release and prolong concentrations,

allowing dosing on a less frequent basis than the immediate release formulation, while

retaining efficacy against a number of pathogens.

In this research, three cefaclor formulations (College of Pharmacy, Oregon State

University), and Distaclor®MR. (Dista Products Limited, Dextra Court, Chapel Hill,
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Basingstoke, Hampshire, RG21 2SY) were compared with respect to in vitro release rates

and in vivo urinary excretion rates of cefaclor. Objectives of this study were: 1) to

evaluate and compare bioavailability parameters associated with observed urinary

excretion data following a single dose of the generic formulations compared to

Distaclor®MR, and 2) to establish a correlation between in vivo drug absorption and in

vitro drug release to allow modification of the generic formulation, if necessary, to make it

equivalent to Distaclor®MR.

MATERIALS AND METHODS

Formulation ingredients

1. Cefaclor (Biocrafi, Fairfield, NJ lot F2605, F1776)

2. Methocel® (Hydroxypropyl methylcellulose) K100LV, premium grade (Dow

Chemicals, Midland, MI).

3. Polyvinylpyrrolidone, MW 40,000, special grade (Aldrich Chemicals, Milwaukee,

WIS)

4. Magnesium stearate, NF (Mcllinckrodt, Paris, KY)

5. 7-13-hydroxypropyl theophylline (Sigma Chemical Co., St. Louis, MO).

Reagents and standards
The internal standard, 7-13-hydroxypropyl theophylline was purchased from Sigma

Chemical Co., St. Louis, MO. The water used in this procedure was deionized using the

Milli-Q® Reagent Water system (Millipore, Bedford, MA, USA). All reagents were used

without further purification.

Generic (244) preparations
Carefully weighed HPMC, cefaclor and PVP powder were placed in a beaker and

mixed thoroughly with a spatula for at least 5 minutes (compositions as shown in Table 1).

The 3 different dry powder mixtures (A, B and C) were compressed separately into slugs,
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each weighing about 1 gm, using a hydraulic Laboratory Carver Press and a set of flat-

faced punches, 3/4" in diameter. Slugs were subsequently crushed using a mortar and

pestle into uniform size granules, and granules were separated into desired size fractions

by sieving. Only those granules of 20-60 mesh sieve size were used for recompression.

Amounts of the different granulation were mixed gently but thoroughly in an appropriate

proportion. Table 2 shows the amounts of granulation (A, B and C) contained in a single

compressed caplet. Mixing was accomplished by placing weighed granules on a piece of

cloth held by its four corners and alternately lifting two comers of the cloth at a time,

thereby gently mixing granules through tumbling and rolling motions. Moreover, granules

were shoved with a spatula occasionally to assure thorough mixing. Magnesium stearate

was then added to the granules and mixed gently for an additional 2 minutes before

recompression. The die was filled manually with the granulation blend and compressed at

5000 lb. using a Hydraulic Laboratory Carver Press (Fred S. Carver Inc Summit, New

Jersey).

Table VI.1 Percentage of various ingredients in different granules prepared by dry
granulation (without magnesium stearate)

Granulation
designation

HPMC (%) PVP ( %) cefaclor (%)

A 10 2 88
B 15 2 83
C 20 2 78

Table V1.2 Example composition of one compressed cefaclor caplet

Ingredients Formulation 244 (mg) Formulation 244 (%)

A 85.34 18.39
B 181.10 39.04
C 192.86 41.57
Magnesium stearate 4.64 1.00
Total weight of one caplet 463.94 100
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Generic (5% and 12% HPMC) preparations
Carefully weighed HPMC, PVP and cefaclor were mixed in a beaker (composition

as shown in Table 3). The granulation process is the same as above except granulation

were made by combining ingredients directly, followed by slugging, crushing and

recompression at a load of 5000 lb. Finished caplets were then coated with OPADRY® as

described in chapter 5. Caplets containing 5% and 12% HPMC were coated with

OPADRY® at 9% and 8.9% weight gain, respectively.

Table V1.3 Composition of experimental cefaclor caplets containing hydrophilic matrix
cores prepared by dry granulation

Product

designation

HPMC (%) PVP (%) Mg. stearate Drug (%) Wt. of one

(%) caplet (mg)

5% HPMC (D) 5 2 1 92 418.5

12% HPMC (E) 12 2 1 85 452.9

Dissolution studies
Dissolution studies were carried out according to the USP XX 11 paddle method at

37°C at 75 rpm. Dissolution medium consisted of 900 ml simulated gastric fluid (without

enzymes) for 2 hours, then 900 ml deionized water adjusted to pH = 4.0 with glacial acetic

acid, for the next 3 to 5 hours. Samples were collected at 0.5, 1, 2, 2.5, 3, 4, 5, 6 hours

with replacement of equal volume of media. The samples were assayed at 254 nm using a

HP diode array spectrophotometer.

Subjects
The study was approved by the Oregon State University Institutional Review Board

(IRB) for the Protection of Human Subjects. All were healthy individuals aged between

21 to 53 years old, weighing 50 to 104.5 kg, who signed written informed consent before

entry into the study. All subjects reported no heavy alcohol consumption. All subjects

were non-smokers and were not currently taking any medications. None of the subjects
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had a history of cardiovascular, liver, renal, or gastrointestinal disease, or hypersensitivity

to penicillin or cephalosporin.

Study Design 1

Using a crossover design, 7 subjects (four male and three female) were randomly

assigned either the Generic or Distaclor®MR as a starting product. After a washout

period of one week, the alternate product was given. Subjects fasted overnight before

each treatment and were instructed not to eat any food, apart from a standard breakfast,

until three hours after dosing. The breakfast consisted of 150 ml milk (2% fat), 100 ml

orange juice, one fried egg, two slices of toast, 20 gm of margarine and 20 gm of jam.

The dose was taken immediately after the breakfast.

Study Design 2

In a separate study, 5 subjects were assigned to take generic (coated 5% HPMC) on

an empty stomach following an overnight fast. The subjects were fed a standard breakfast

2 hours after dosing. Two of the subjects were also assigned to take Distaclor® MR

because they were not subjects in study design 1, and therefore did not previously receive

Distaclor® MR.

Study Design 3

In a separate study, 4 subjects (2 males and 2 females) were assigned the generic

(12% HPMC coated with OPADRY) treatment. After an overnight fast, subjects were

instructed to take the dose on an empty stomach and they were fed a standard breakfast 2

hours after dosing. Table 4 summarizes the experimental layout of study designs 1-3.
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Table VI.4 Summary of study designs 1-3

Subjects Study design 1 Study design 2 Study design 3

With Food Empty stomach Empty stomach

Distaclor® 244 Distaclor® coated 5% Distaclor® Coated 12%

MR caplets MR HPMC (D) MR HPMC (E)

1 X X X

2 X X

3 X X

4 X X X

5 X X

6 X X

7 X X

8 X X

9 X X

10 X X

Collection of urine samples
Urine was collected in labeled plastic bags at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8 and 10 hours

after administration. The full volume of urine output was collected for all time points

except 0 hour, which was used as a blank for analysis. Urine was collected and after the

volume was measured accurately, and an aliquot of the urine sample was stored at -80°C

until analysis. The assay was carried out within one or two days after samples were

collected. Urine samples stored at -80°C were found to be stable for at least 3 weeks.

Assay Method
This assay method is a modification ofthe method published by Nahata (10). An

internal standard, 7-13-hydroxypropyl theophylline solution (32.5 pg/m1) was prepared by

dissolving the solid material in deionized water, pH adjusted to 4.0 with glacial acetic acid.
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Portions of cefaclor stock solution were diluted with buffered drug-free urine to produce a

series of standard solutions with cefaclor concentrations over the range 3.57 to

57.14 p.g/ml. An equal volume of internal standard solution was added to the standard

solutions before injection into HPLC.

Urine samples were analyzed without extraction. 1 ml of urine samples was

buffered with 1 ml of HCl buffer (pH = 3.0) and stored at -80°C until analysis. Urine

samples were prepared by dilution of buffered urine samples with HC1 buffer until the

concentration came within the standard range. 100 p.1 of internal standard solution was

then added to an equal volume of buffered urine sample, followed by injection of 15 pl

into the HPLC system.

Chromatography
A Model M45 pump (Waters Assoc.) is coupled via a 712 WISP autosampler

(Waters Assoc.) to a Microsorb-MVTm 8 pm octadecyl RP column, 25 cm x 4 6 mm and

a 5 pm octadecyl guard column cartridge. The mobile phase is methanol in deionized water

(20:80), pH adjusted to 4.0 with glacial acetic acid. The flow rate is 2.0 ml/minute. The

absorbance of the column eluent is measured at 254 nm with a Model 440 UV detector

(Waters Assoc.)

Quantification
Standard curves were evaluated daily. Quantitation of each sample was based on

peak height ratios using the internal standard peak as the divisor. The resulting calibration

curve was fitted with a linear regression line; the resulting equation allowed prediction of

concentrations from absorbance of samples.

Data Analysis
Bioavailability parameters associated with urinary excretion data were calculated

with Microsoft Excel spreadsheet 5.0 and were statistically analyzed by two one-sided

t test, using statistical software package Statgraphics® version 7.0 (use two sample
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analysis to obtain 90% confidence interval). The mean in vitro dissolution curves were

fitted by Weibull Model using Excel spreadsheet 5.0. Analytical deconvolution of

observed mean urinary excretion rate was performed with PCDCON (Dr. William

Gillespie, University of Texas at Austin). Convolution of mean in vitro drug release to the

expected urinary excretion rate vs. time data was performed following procedures

developed previously (Dr. John Kalns, Ohio State University).

RESULTS AND DISCUSSION

In vitro dissolution

In-vitro release curves for Distaclor® MR and Generic (Caplet B and 244) are

closely related (Figure 1). Figure 1 shows in vitro release from 3 Generic formulations

(D, E and 244 caplets) containing cefaclor and HPMC. Generic caplets E and 244

superimposed Distaclor® MR for the first two hours but release slowed down slightly after

two hours. In vitro drug dissolution is complete at about four and five hours for

Distaclor® MR and generic, respectively. The closely related in vitro dissolution curves

between the two formulations warranted further bioavailability studies in humans in order

to evaluate the in vivo performance of Generic relative to Distaclor ®MR. The small

difference for in vitro dissolution were not expected to result in any significant differences

for in vivo performance
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In vitro dissolution profile of generic cefaclor caplets containing HPMC-
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Accuracy and Precision of Assay
A typical calibration curve for cefaclor in drug free buffered urine is presented in

Figure 2. The standard curve is linear throughout the concentration range of 3.57 - 57.14

µg/ml, with a correlation coefficient of 0.999. A representative chromatogram of a blank

buffered urine sample and an unextracted buffered urine sample with 57.14 µg/ml cefaclor

and 32.5 µg/m1 internal standard is illustrated in Figure 3a and 3b. Blank urine samples

demonstrated no interfering peaks. Typical retention times of cefaclor and internal

standard under the described conditions were 7.2 and 8.6 minutes, respectively.

Accuracy and precision of the assay were assessed by analysis of urine samples

containing known concentrations of cefaclor on five separate occasions. Results of these

determinations are summarized in Table 5. Accuracy of the assay was evaluated using the

spike/recovery method. Observed concentrations were calculated by refitting peak height

ratios at each spiked standard concentration into the regression equation derived from the

calibration data. Absolute percent deviation at each spiked standard concentration was

calculated by the absolute percentage difference between observed and true

concentrations. Over the range of 3.57 - 57.14 µg/ml, the cefaclor measurements had an

absolute percent deviation of 0.62 to 2.58%.

Precision of the assay was measured in terms of a coefficient of variation (CV)

among the observed concentrations at each spiked standard concentration. Coefficient of

variation (CV) is defined as standard deviation as a percent of the mean. Over the range

of 3.57 - 57.14 1.1g/m1, all coefficients of variation were 3.15%, indicating good

reproducibility of assay over this drug concentration range. Precision is less, however, at

the lower concentration of 3.57 tg/m1 as observed by a higher coefficient of variation of

8.91% (Table 5).
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Table VI.5 Determination of cefaclor added to blank buffered urine (n=5)

Actual concentration

(.LT/ml)

Observed concentration

(mean ± S.D. µg/ml)

Absolute deviation

(%)

CV

(%)
57.14 57.54 ± 0.65 0.70 1.13

38.10 37.14 ± 1.17 2.58 3.15

28.57 28.98 ± 0.29 1.41 1.83

14.28 14.41 ± 0.29 0.90 2.04

7.14 7.18 ± 0.21 0.62 2.91

3.57 3.54 ± 0.32 0.89 8.91
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Figure VL2 Typical calibration curve of cefaclor in urine analyzed by HPLC
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Figure VI.3 Chromatograms of (a) drug-free urine sample with internal standard; (b)
urine sample spiked with 57.14 pg of cefaclor and 32.5 tig of 7-0
hydroxypropyl theophylline, the internal standard. Peaks: A = cefaclor;
B = internal standard. Typical retention times of cefaclor and internal
standard under described conditions were 7.2 and 8.6 minutes respectively.
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Adverse Effects

In all studies, no side effects were reported from either Distaclor® MR or Generic.

Bioavailability of Distaclor® MR and caplet 244

Urinary data provides an indirect measure of the relative rate and amount of drug

absorbed from the gastrointestinal tract . Urinary excretion of intact drug is, in most

cases, directly proportional to the plasma concentration of total drug. In the case of a

drug such as cefaclor, where about 25% of drug is protein bound, the rate of excretion is

directly proportional to free drug concentration in plasma.

Cumulative mean urinary excretion data of cefaclor (mg) obtained after

administration of the two products (Distaclor® MR and 244 caplet) given with food are

presented in Figure 4. It was determined that 72.35 and 70.13 % of the dose were

recovered as intact drug, for Distaclor®MR and 244 caplet, respectively. Mean excretion

rates of cefaclor from Distaclor® MR and 244 are depicted in Figure 5 (milligrams per

hour), and were calculated by dividing the cumulative amount of cefaclor excreted in the

urine during a collection interval by the corresponding time interval. The time point was

plotted in hours and represents the midpoint of time between collection intervals. Mean

urinary excretion rate values after 9 hours were low and considered negligible, and were

not used in subsequent analysis. The 'terminal' slopes were estimated from a linear

regression estimate of slope of Ln transformed mean urinary excretion rates of cefaclor at

times 3.5, 4.5, 5.5, 7 and 9 hours for Distaclor®MR, and 4.5, 5.5, 7 and 9 hours for

Generic. The slopes were 1.00 hr-' and 0.40 hf for Distaclor®MR and Generic,

respectively. The terminal slope value of 1.00 11-1 for Distaclor® MR falls within the usual

range of true elimination rate constant (Kel) for cefaclor (the true Kel for the drug is about

0.77 to 1.155114). This result suggested that absorption was completed at about 3.5

hours for Distaclor® MR, which corresponded well to deconvolution results showing that

drug absorption was completed at about 4 hours in vivo (Figure 6d). The terminal slope

for generic of 0.4 h4 was much smaller than the true elimination rate constant which

suggested that a flip -flop pharmacokinetic model occurs for this slower input dosage form,
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and the transfer rate obtained as the terminal slope is an approximation of the absorption

rate constant. Deconvolution results showed that absorption in vivo was completed at 6

hours for generic (Figure 6d).
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Figure VI.4 Cumulative mean urinary excretion of cefaclor after single dose of
Distaclor® MR or 244 caplet with food. Key: () uncoated 16.5% HPMC
(244 caplet); () Distaclor® MR



160

140

-6120

Acciii 100

80
a)

6a) 0

40-

20

0

Figure VI.5

0 2 4 6
Time (h)

8 10

180

Mean urinary excretion rate (mg/h) of cefaclor at midpoint of collection
interval after a single dose of 244 caplet or Distaclor® MR with food. Key:
() 244 caplet; () Distaclor® MR.



181

Based on urinary excretion data, Table 6 compares three bioavailability parameters

for Distaclor® MR and 244 caplets given with food and also shows the 90% confidence

interval for 1.1111AR. The procedure for two one-sided t tests used for statistical analysis

was described previously in chapter 4. Assuming Ln normal distribution of biostudy data,

2 products are declared bioequivalent if confidence interval for µT /µR falls between 0.8 and

1.25

Statistical analysis shows that caplet 244 are bioequivalent to Distaclor® MR with

respect to cumulative amount of drug excreted. The data, however, have not shown that

the 2 products are bioequivalent with respect to peak excretion rate the confidence

interval (CI90 = 0.65 - 0.77) is out of the 80 and 125% criteria for bioequivalence.

In vitro-in vivo association

An example of an in-vitro and in vivo association related to Distaclor® MR and

generic 244 formulation (with food) is shown in Figure 6 where a complete convolution-

deconvolution loop is presented (adaptation from Rossi S et.al.)(11). Starting from the

mean in vivo drug excretion curve (Figure 6-c), the in vivo absorption profile is

reconstructed by deconvolution (Figure 6-d). Then, the information in Figure 6-d is

combined with dissolution data in Figure 6-a (in vitro release curve fitted according to the

Weibull parameters), and the expected in vivo urinary excretion rates (Figure 6-b) are

generated through a convolution procedure. As depicted in Figure 6-b,c; the simulated

urinary excretion rate profile is almost superimposable to the observed urinary excretion

data which is expected since Figure 6-b results from the analysis loop which starts with

Figure 6-c.
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Bioavailability of Distaclor® MR, caplets A and B

Food appears to slightly delay the absorption of cefaclor and increase the

bioavailability of cefaclor (estimated by amount recovered in urine) after a single dose of

Dist aclor® MR.(Table 6).

Table VI.6 Bioavailability parameter of Distaclor® MR and Generic

Parameter Time to peak'
(± S.D2.).

Peak excretion
rate

Cumulative cefaclor
Excreted (mg)

Distaclor® MR
(with food)

2.96 ± 1.05 110.86 ± 50.54 268.29 ± 40.32

244 caplet
(with food)

4.29 ± 0.70 73.04 ± 14.95* 261.8 ± 33.71

C1904 0.65 - 0.77 0.99 - 1.02
Distaclor® MR
(without food)

2.44 ± 0.5 82.92 ± 3.14 242.10 ± 39.67

5% HPMC
(without food)

1.73 ± 0.58 99.46 ± 17.50* 246.88 ± 22.89

CI905 1.24 - 1.28 1.03 - 1.13
12% HPMC
(without food)

82.07 ± 24.07 252.82 ± 71.85

CI906 0.82 - 1.05 0.86 - 1.23

Mean of individuals time to peak excretion rates
2 SD is the standard deviation for Distaclor MR, calculated using the "n-1" method, the

2 nx
formula is X

n 1

3 Peak urinary excretion rate was obtained from averaging the excretion rates at each time
for Distaclor MR and Generic products

4 90% Confidence intervals for ratio of true mean of bioavailability parameter for Generic
244 to Distaclor MR data as the 'standard' based on 2-one-sided t test. Conclude
bioequivalence if CI is between 0.8 and 1.25.

5 90% Confidence intervals for ratio of true mean of bioavailability parameter for Generic
5% HPMC to Distaclor MR. data as the 'standard' based on 2 one-sided t-test.
Conclude bioequivalence if CI is between 0.8 and 1.25.

6 90% Confidence intervals for ratio of true mean of bioavailability parameter for Generic
12% HPMC to Distaclor MR data as the 'standard' based on 2 one-sided t-test.
Conclude bioequivalence if CI is between 0.8 and 1.25.

*Data have not shown that generic and reference products are bioequivalent with repect to
the bioavailability parameter of interest



184

Figure 7 shows the mean urinary excretion rate of cefaclor after single doses of

Distaclor® MR, generic 5% HPMC coated with OPADRY (D) and 12% HPMC coated

with OPADRY (E) on empty stomach. Caplets D, E and Distaclor® MR peak at 1.73,

1.68 and 2.44 hours, respectively. The terminal slopes for caplet A, B and Distaclor® MR

were estimated to be 0.64, 0.83, and 1.14 la"1, all of which fall within the usual range of

true elimination rate constant (kel) for cefaclor. The higher in vitro drug release rate of

cefaclor from 5% HPMC caplet than Distaclor® MR (Fig.1) is reflected in it's higher peak

and more rapid decline in urinary excretion rate in vivo. Although the in vitro dissolution

of 12% HPMC mimics Distaclor® MR very closely (Fig 1), the slight decline in dissolution

after 2 hours probably resulted in it's lower in vivo urinary excretion rate.

There is no significant difference in the amount of drug excreted between 5%

HPMC formulation and Distaclor® MR. Statistical analysis, however, have not shown

that 5% HPMC generic formulation is bioequivalent to Distaclor® MR with respect to

peak urinary excretion rate. Statistical analysis shows that 12% HPMC generic

formulation is bioequivalent to Distaclor® MR with respect to peak urinary excretion rate

and total amount of drug excreted (Table 6).

Figure 8 shows the in vivo absorption profiles reconstructed for Distaclor® MR, 5%

HPMC and 12% HPMC products (without food). Distaclor® MR behaves like an

immediate release dosage form with little sustained-releasing property, in that all drug is

absorbed in vivo in less than 4 hours. Drug absorption is rapid in 5% HPMC in that all

drug is absorbed in 2 hours, and slowest in 12% HPMC where all drug is absorbed in 6

hours. Notice that in vivo absorption from deconvolution correlated well to in vitro

dissolution (Fig. 1), and the simulated urinary excretion rate profile for 12% HPMC

product generated from convolution is almost superimposable to the observed urinary

excretion data (Figure 9).

This convolution/deconvolution technique works well when it is necessary to extend

prediction of in vivo urinary excretion rate profiles from one sustained release formulation

to a different sustained release formulation. The model, however, may break down when

going from a sustained release formulation to an immediate release formulation. This is
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demonstrated in Figure 10 where deconvolution and in vitro dissolution information from

12% HPMC product (Figures 1 and 7) fails to predict urinary excretion profiles of 5%

HPMC product from it's dissolution data. The success of the above approach for

improving the formulations tested by predicting the new desired dissolution curve, is based

on the assumptions:

1. There is no "absorption window" for the drug being studied

2. Product in vitro dissolution mimics its in vivo dissolution.

3. The phannacokinetic parameters of the drug in the controlled release product do not

differ from those found with the rapidly releasing dosage forms

Failure of the above technique to predict urinary excretion profiles could be due to

deviations from one or more of the outlined assumptions. Cefaclor, a derivative of amino-

13-lactam antibiotics, has been confirmed to be absorbed mainly via the dipeptide transport

system existing in the intestinal brush-border member. (12, 13). The presence of such a

specific site for drug absorption may limit usefulness of the above

deconvolution/deconvolution approach in predicting new formulations with desired in

vitro dissolution curves.
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Figure VI.7 Mean urinary excretion rate (mg/h) of cefaclor at midpoint of collection
interval after a single dose of generics or Distaclor® MR on empty
stomach. Key: (A) 5% HPMC coated with OPADRY (caplet A); () 12%
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Figure 'VI.9 Predicted vs. observed urinary excretion rate profiles after a single dose of
12% HPMC on an empty stomach, prediction based on results from
deconvolution and convolution of in vivo and in vitro information on 12%
HPMC. Key: () observed 12% HPMC, () predicted 12% HPMC
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Figure VI.10 Predicted vs. experimental urinary excretion rate profiles after a single dose
of 5% HPMC on empty stomach, prediction based on deconvolution
results from 12% HPMC, and in vitro dissolution information from 12%
HPMC and 5% HPMC. Key: (L)observed 5% HPMC, (A) predicted 5%
HPMC
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CONCLUSIONS

The HPLC assay described here had a high accuracy and sufficient sensitivity to

detect low cefaclor concentrations using small volumes of unextracted urine. The assay is

rapid, simple, and circumvents the cumbersome processes of extracting large urine

volumes.

Results show that in vitro release for 12% HPMC formulation and Distaclor® MR

is close. Preliminary pharmacokinetic analysis of Generic formulations in comparison to

Distaclor® MR show that there is no significant difference in peak excretion rates and total

amount of drug excreted between 12% HPMC and Distaclor® MR. The data show that

the 2 products are bioequivalent in vivo. Data, however, have not shown bioequivalence

between 5% HPMC formulation and Distaclor® MR.

Deconvolution/convolution was used as a tool for correlating in vitro and in vivo

drug availability. The correlation between in vitro release and in vivo drug absorption is

excellent but is not useful in formulation modification and development because of an

"absorption window" for cefaclor.
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APPENDIX

A NUMERICAL EXAMPLE SHOWING COMPUTER SIMULATION OF

DISSOLUTION SPECTRUM FOR PENTOXIFYLLINE CAPLETS CONTAINING

HPMC- lOOLV (FORMULATION 6)



Predicted dissolution profiles (% release) for pentoxifylline caplets with varying HPMC-4M, PVP and 1% Magnesium stearate (Chapter 3, Model I)

Time hp20p2 hp25p2 hp30p2 hp40p2 hp20p5 hp25p5 hp30p5 hp40p5 hp20p10 hp25p10 hp30p10 hp40p10

0.5 36.88 23.33 15.68 8.58 29.51 19.37 13.51 8.03 21.99 15.25 11.30 7.65

1 49.65 34.82 26.13 17.43 41.49 30.22 23.43 16.50 32.84 25.17 20.43 15.54

2 65.46 49.49 39.77 29.34 56.60 44.25 36.50 27.96 46.87 38.24 32.65 26.33

2.5 71.09 54.88 44.88 33.93 62.09 49.48 41.45 32.41 52.10 43.19 37.34 30.55

3 75.81 59.49 49.32 37.97 66.76 53.98 45.77 36.34 56,60 47.51 41.46 34.31

4 83.33 67.07 56.75 44.92 74.35 61.49 53.07 43.13 64.11 54.81 48.52 40,84

6 93.47 78.03 67.94 55.89 85.08 72.64 64.26 53.96 75.25 66.00 59.57 51.38

8 99.61 85.57 76.15 64.47 92.18 80.63 72.67 62.53 83.25 74.41 68.13 59.88

10 103.19 90.92 82.44 71.52 96.95 86.61 79.30 69.66 89.23 81.04 75.10 67.06

12 104.96 94.72 87.37 77.49 100.08 91.17 84.67 75.77 93.79 86.41 80.94 73.31

16 104.66 99.03 94.36 87.13 102.86 97.25 92.73 85.82 99.87 94.47 90.23 83.84

24 94.25 99.27 99.27 100.55 99.51 101.69 102.03 100.42 104.31 103.78 102.70 99.87

From Model I, a ratio ROM can be calculated:
Rt4 Al =

F(V4m,hopoti)
F (V 4m,h25, P5,ti)

hp20p2 hp25p2 hp30p2 hp40p2 hp20p5 hp25p5 hp30p5 hp40p5 hp20p10 hp25p10 hp30p10 hp40p10

0.5 1.90 1.20 0.81 0.44 1.52 1.00 0.70 0.41 1.14 0.79 0.58 0.40

1 1.64 1.15 0.86 0.58 1.37 1.00 0.78 0.55 1.09 0.83 0.68 0.51

2 1.48 1.12 0.90 0.66 1.28 1.00 0.82 0.63 1.06 0.86 0.74 0.59

2.5 1.44 1.11 0.91 0.69 1.26 1.00 0.84 0.66 1.05 0.87 0.75 0.62

3 1.40 1.10 0.91 0.70 1.24 1.00 0.85 0.67 1.05 0.88 0.77 0.64

4 1.36 1.09 0.92 0.73 1.21 1.00 0.86 0.70 1.04 0.89 0.79 0.66

6 1.29 1.07 0.94 0.77 1.17 1.00 0.88 0.74 1.04 0.91 0.82 0.71

8 1.24 1.06 0.94 0.80 1.14 1.00 0.90 0.78 1.03 0.92 0.84 0.74

10 1.19 1.05 0.95 0.83 1.12 1.00 0.92 0.80 1.03 0.94 0.87 0.77

12 1.15 1.04 0.96 0.85 1.10 1.00 0.93 0.83 1.03 0.95 0.89 0.80

16 1.08 1.02 0.97 0.90 1.06 1.00 0.95 0.88 1.03 0.97 0.93 0.86

24 0.93 0.98 0.98 0.99 0.98 1.00 1.00 0.99 1.03 1.02 1.01 0.98



Model II. Weibull Model: Foo Ov fiv )

Predicted % release from formulation 6 (10OLV), using weibull distribution
0.5 15.756
1 29.115
2 50.041
2.5 58.182
3 65.083
4 75.894
6 89.25
8 96.15
10 99.715
12 101.56
16 103
24 103.49

Combined Model. Dissolution prediction: RI4M x W

Predicted spectrum of % drug release for pentoxifylline caplets containing HiPMC-10OLV and pvp, differ with respect to polymer
concentrations

hp20p2 hp25p2 hp30p2 hp40p2 hp20p5 hp25p5 hp30p5 hp40p5 hp20p10 hp25p10 hp30p10 hp40p10
0.5 30.00 18.98 12,75 6.98 24.01 15.76 10.99 6.53 17.89 12.41 9.19 6.23

1 47.83 33.55 25.18 16.80 39.97 29.11 22.57 15.90 31.64 24.25 19.69 14.97
2 74.02 55.97 44.97 33.17 64.01 50.04 41.27 31.62 53.00 43.24 36.92 29.77

2.5 83.59 64.54 52.78 39.90 73.02 58.18 48.74 38.11 61.26 50.79 43.91 35.92
3 91.39 71.72 59.45 45.78 80.48 65.08 55.17 43.82 68.24 57.28 49.99 41.36
4 102.85 82.78 70.04 55.45 91.77 75.89 65.50 53.24 79.13 67.65 59.88 50.40
6 114.85 95.87 83.48 68.68 104.54 89.25 78.96 66.30 92.47 81.10 73.20 63.14
8 118.78 102.03 90.80 76.88 109.92 96.15 86.65 74.56 99.27 88.74 81.24 71.40

10 118.80 104.67 94.90 82.34 111.62 99.71 91.29 80.19 102.73 93.30 86.46 77.20
12 116.92 105.51 97.33 86.32 111.49 101.56 94.31 84.40 104.47 96.26 90.17 81.66
16 110.85 104.88 99.94 92.28 108.94 103.00 98.21 90.90 105.77 100.06 95.57 88.80 tv
24 95.92 101.02 101.02 102.33 101.27 103.49 103.84 102.19 106.15 105.61 104.52 101.64 c>

c,.)




